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UPDATE ON THE LATEST CLIMATE CHANGE
SCIENCE AND LOCAL ADAPTATION MEAS-
URES

WEDNESDAY, AUGUST 1, 2012

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The Committee met, pursuant to notice, at 10 a.m. in room 406,
Dirksen Senate Office Building, Hon. Barbara Boxer (Chairman of
the Committee) presiding.

Present: Senators Boxer, Inhofe, Lautenberg, Cardin, White-
house, Udall, Merkley, Sessions, Crapo, and Boozman.

OPENING STATEMENT OF HON. BARBARA BOXER,
U.S. SENATOR FROM THE STATE OF CALIFORNIA

Senator BOXER. Good morning, everybody. I want to welcome my
colleagues, and I want to welcome our distinguished panel. Every-
one will have an opening statement. We will be 5 minutes, and we
will try to stick to it. Go a little bit over, that is fine.

Colleagues, climate change is real. Human activities are the pri-
mary cause, and the warming planet poses a significant risk to peo-
ple and the environment. I believe to declare otherwise is putting
the American people in direct danger. The body of evidence is over-
whelming. The world’s leading scientists agree. And predictions of
climate change impacts are coming true before our eyes.

The purpose of this hearing is to share with the Committee the
mountain of scientific evidence that has increased substantially
over time, time that I believe we should have used to reduce carbon
pollution, the main cause of climate change.

In 2011 the National Academy of Sciences released the Final Cli-
mate Report. It concluded: “Climate change is occurring. It is
caused largely by human activities. It poses significant risks for a
broad range of human and natural systems, and the preponderance
of evidence points to human activities as the most likely cause for
most of the global warming that has occurred over the last 50
years.”

Even some former climate deniers now see the light. Just this
past weekend, Professor Richard Muller, a self-proclaimed climate
skeptic, wrote the following in the New York Times: “Last year, fol-
lowing an intensive research effort involving a dozen scientists, I
concluded that global warming was real, and the prior estimates of
the rate of warming were correct. I am now going a step further.
Humans are almost entirely the cause.”

o))



2

Claims by the remaining skeptics are overcome with an examina-
tion of the facts. At the first hearing of this Committee when I be-
came Chairman on January 30, 2007, I invited all Senators to give
their views on climate change, all Senators in the U.S. Senate.
More than one-third of the Senate spoke out. We put together a
book. Do we have that book here? Yes. And this is the way the
book looked, and it included the voices of the Senate, colleagues
from all different political persuasions.

At that time, Senator McCain wrote we are no longer talking
about how climate change will affect our children’s lives as we did
a few years ago. We are talking about how it already is impacting
the world. Drought, declining snow packs, forest fires, melting ice
caps, species dislocation, habitat loss, and extreme weather events
all are examples of how climate change is impacting us. We need
to act to mitigate and adapt to these devastating events. I believe
he was right then.

Senator Snowe said Arctic glaciers and polar ice caps millions of
years old are melting; sea levels are rising. Our own Federal agen-
cy, NOAA, reported that 2006 was the warmest year since regular
temperature records began in 1895, and the past 9 years have been
the warmest on record. And she was right then.

Now, more than 5 years later, we continue to see evidence that
the climate is changing around us through trends in extreme
weather. And we simply cannot afford to ignore the warnings. And
we have some charts I would like to show.

The first chart shows a wildfire in Bastrop, Texas, that destroyed
1,500 homes in 2011. Chart 2 shows a man in what used to be his
home in that area. There is nothing left. Chart 3 is a headline from
The Guardian in the United Kingdom, Deadly Heat Waves Will Be
More Frequent in Coming Decades Say Scientists. Mega-heat
waves like the one estimated to have killed tens of thousands in
Western Europe in 2002 will become up to 10 times more likely
over the next 4 years, a study suggests.

There are many examples of how the climate is continuing to
change around us. NOAA reported in June that the previous 12
months had been the warmest 12-month period the nation has ex-
perienced since recordkeeping began in 1895. Many cities set all-
time temperature records during the month of June. Over 170 all-
time warm temperature records were broken or tied.

As of July 3rd, 56 percent of the U.S. experienced moderate to
exceptional drought conditions. Scientists at NOAA have confirmed
the record breaking Texas drought was strongly influenced by cli-
mate change.

NASA reported last month that an iceberg twice the size of Man-
hattan—you could see the size of that iceberg—broke off of Green-
land, a phenomenon that is expected to be repeated as the climate
continues to warm. Scientists have also linked warming of the
oceans to the emergence of a group of bacteria in the Baltic Sea
in Northern Europe. These recent event make it clear that the cli-
mate continues to change, and the likelihood of extreme events is
gr(i{Wing greater which puts our nation, and puts our people, at
risk.

In 2008 Congress blocked action. We needed six more votes to
take action on climate change. But Congress blocked action, and we
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have lost valuable time. But progress has been made. The Obama
administration deserves credit for moving forward with measures
to reduce pollution and improve the nation’s energy efficiency. New
automobile efficiency will reduce carbon pollution by over 6 billion
tons while saving consumers $1.7 trillion in fuel costs.

The GSA has reduced energy consumption by 20 percent over
2003 levels. By 2020 the GSA expects to increase its renewable en-
ergy production and procurement to 30 percent of annual energy
consumption.

According to the Brookings Institution, in 2010 2.7 million work-
ers were employed at more than 40,000 companies across the na-
tion in the clean energy sector. And bipartisan proposals, such as
the Bennet-Isakson SAVE Act which would reduce barriers to home
energy efficiency improvements, offer ways to reduce harmful car-
bon pollution.

So, colleagues, we cannot turn away from the mountain of evi-
dence that climate change has already started to impact the planet
and will only grow worse without action. Leading scientists who
are testifying today on the latest science will reinforce that point.

Taking action to address this serious problem will benefit us, will
benefit us and future generations, will actually reduce energy costs
in the long-term for our people, make us energy independent, and
create millions of jobs.

So, I look forward to hearing from the witnesses. But before we
do that, we will hear from colleagues. And this is one that is a little
bit different than a highway bill.

[Laughter.]

Senator BOXER. You may see a few disagreements on this panel.

With that I would call on my friend, Senator Inhofe, for his state-
ment.

OPENING STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

Senator INHOFE. Thank you, Madam Chairman.

In a way it should not be any different from the highway bill. We
just have different beliefs, different ideas, and that is what this is
all about today.

Senator BOXER. Yes.

Senator INHOFE. And so, this seems like the good old days. We
used to have these hearings all the time. It has been, what, since
February 2009, I think, since we had one of these on the science.
So I am glad we are back to doing it now.

Back then we heard promises from the Obama administration of
the clean energy revolution with green jobs and propped up by bil-
lions of taxpayer dollars going to companies like Solyndra. What
came of all those promises? The global warming movement has
completed collapsed, and the cap and trade is dead and gone.

I suspect a look back over the past 3 years will be a little painful
for some. In 2009 the Democratic President, overwhelming majority
in the House and the Senate, the majorities, the global warming
alarmists were on top of the world. They thought they would reach
their goal and have an international agreement. All of that was
there. I mean, why not? We had a Democrat President, Democrat
majorities in the House and the Senate.
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It did not happen. Of course, what drove the collapse of the glob-
al warming movement was the science of the United Nations Inter-
governmental Panel on Climate Change. It was finally exposed, I
had been exposing it for some time, but it actually was exposed
when Climategate came.

And here is something interesting. I am going to read this into
the record. These are publications that were on the alarmist side
of this issue. And yet the change that took place, the New York
Times editorial, “Given the stakes, the IPCC cannot allow more
missteps, and at the very least, must tighten its procedures and
make its deliberations more transparent.” The panel’s chairman,
again, quoting from the editorial, is under fire for taking consulting
fees from business interests.

The Washington Post: “Recent revelations about the flaws in that
seminal IPCC report ranging from typos in key dates to sloppy
resourcing are undermining confidence not only in the panel’s
work, but also in the projections about climate change.” Newsweek,
some of the IPCC’s most quoted data in recommendations were
taken straight out of unchecked activist brochures and newspaper
articles. The U.K. Daily Telegraph on Climategate, Climategate is
the worst scientific scandal of our generation.

This is the science on which all of these things have been based.
Now, how unpopular is the global warming movement now? The
Washington Post recently published a poll revealing that Ameri-
cans no longer worry about global warming, and one of the reasons
is that they do not trust the scientists and their motives.

The IPCC has even lost trust in the left. Andrew Revkin of the
New York Times—he was one that was always on that side—re-
cently called for the IPCC Chair, Pachauri, to make a choice be-
tween global warming activism and leading the IPCC. They are
also saying similar things about global warming alarmist James
Hansen. As David Roberts of Grist acknowledged, Hansen has be-
come, quoting now, so politicized that people tend to dismiss him.

Just one look at this Committee and we can see how bad things
have gotten for the alarmists. Today, there are no Federal wit-
nesses here to testify, as was called out in an article this morning,
I think it was in Politico. President Obama himself never dares
mention global warming. He will not say the term. And some of the
left have noticed that Bill McKibben recently criticized the Presi-
dent for not attending the Rio+20 and acknowledged that 20 years
ago George Bush did attend. And Obama did not even attend.

It has got to be very hard for my friends on the left to watch the
President who promised he would slow the rise of oceans posing in
front of pipelines in my home State of Oklahoma pretending to like
oil and gas. I imagine they are trying to keep quiet because they
know that President Obama is still moving forward with his global
warming agenda. They just do not want the American people to
know it.

Now, what the American people do not know, President Obama
is doing, through his bureaucracy, what he could not do legisla-
tively. And we have already identified $68.4 billion that has been
spent on his global warming agenda. And people are not even
aware of it. He did it without any authorization from Congress.
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Today, we should have a fascinating debate. I want to thank Cli-
matologist Dr. John Christy for appearing before the Committee to
provide his insights. I am also looking forward to testimony from
Margo Thorning, as we have heard from her before, and it will be
very good.

Let me just—we have been through this now for the past 3 and
a half years, and the results are clear. President Obama’s green en-
ergy agenda has been a disaster. The time has come to put these
tired, failed policies to rest and embrace the United States’ energy
boom so that we can put Americans back to work, turn this econ-
omy around, become totally energy independent from the Middle
East, and ensure energy security for the years to come.

I really believe this. We, just in the last couple of years—no one
is going to deny the fact that we have more recoverable reserves
in coal, oil, and gas than any other country. We could be totally
independent. And those who say we have got to have green energy
to become independent from the Middle East, we can do that now,
just doing what every other country in the world does, and that is
develop our own resources.

And while I made the comment about the President not saying
the words global warming, let me compliment one of my fellow Sen-
ators. Senator Sanders had read my book and was down on the
floor on Monday and I happened, when I got off the plane and
came in, there are people like Senator Sanders, in his heart, he be-
lieves everything that he says. There is no hypocrisy in him. And
you see a lot of that in Washington.

But you do not see as much of the people who sincerely are will-
ing to fight for the things that they believe in, as is Senator Sand-
ers. I said this on the Senate floor. And I say it again. And I know
he believes everything that he says. He knows that I believe, in my
heart, everything that I say.

So, I was talking to Senator Cardin on the elevator coming up
here, and we both said, is that not what the Senate is supposed to
do? All of us represent different people, different philosophies, say
what we really believe. And I think that is a healthy thing.

Thank you, Madam Chairman.

[The prepared statement of Senator Inhofe follows:]

STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

I must say it feels like we're back to the good old days. It may be hard to believe,
but it was in February 2009, during the height of the global warming alarmist
movement, that this Committee last held a hearing on global warming science. Back
then we heard promises from the Obama administration of a clean energy revolu-
tion with green jobs propped up by billions in taxpayer dollars to companies like
Solyndra.

What came of all those promises? The global warming movement has completely
collapsed, and cap and trade is dead and gone.

I suspect a look back over the past 3 years will be a little painful for my friends
on the other side. In 2009, with a Democratic President and overwhelming Demo-
cratic majorities in the House and the Senate, global warming alarmists were on
top of the world—they thought they would finally reach their goal of an inter-
national agreement that would eliminate fossil fuels. Yet the Waxman-Markey cap
and trade bill didn’t happen.

Of course, what drove the collapse of the global warming movement was that the
science of the United Nations Intergovernmental Panel on Climate Change (IPCC)
was finally exposed. For years I had warned that the United Nations was a political
body, not a scientific body—and finally the mainstream media took notice:
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New York Times editorial: “Given the stakes, the IPCC cannot allow more
missteps and, at the very least, must tighten procedures and make its deliberations
more transparent. The panel’s chairman ... is under fire for taking consulting fees
from business interests ... ” (February 17, 2010)

The Washington Post: “Recent revelations about flaws in that seminal IPCC re-
port, ranging from typos in key dates to sloppy sourcing, are undermining con-
fidence not only in the panel’s work but also in projections about climate change.”

Newsweek: “Some of the IPCC’s most-quoted data and recommendations were
taken straight out of unchecked activist brochures, newspaper articles ... ”

UK Daily Telegraph on Climategate: “The worst scientific scandal of our genera-
tion.”

Just how unpopular is the global warming movement now? The Washington Post
recently published a poll revealing that Americans no longer worry about global
warming, and one of the reasons is because they don’t trust the scientists’ motiva-
tions.

The IPCC has even lost the trust of the left. Andrew Revkin of the New York
Times recently called for IPCC chair Pachauri to make a choice between global
warming activism and leading the IPCC. They are also saying similar things about
global warming alarmist James Hansen. As David Roberts of Grist acknowledged,
Hansen has “become so politicized that people tend to dismiss him.”

Just one look at this Committee and we can see how bad things have gotten for
the alarmists: today there are no Federal witnesses here to testify about the grave
dangers of global warming. President Obama himself never dares to mention global
warming, and some on the left have noticed: Bill McKibben recently criticized the
President for not attending the Rio + 20 sustainability conference, noting that, “Un-
like George H.W. Bush, who flew in for the first conclave, Barack Obama didn’t
even attend.”

It must be very hard for my friends on the left to watch the President who prom-
ised he would slow the rise of the oceans posing in front of pipelines in my home
State of Oklahoma pretending to support oil and gas.

I imagine they are trying to keep quiet because they know President Obama is
still moving forward with his global warming agenda—he just doesn’t want the
American people to know about it.

Now what the American people don’t know: President Obama is doing through his
bureaucracy what he couldn’t do legislatively. He is spending billions of taxpayer
dollars on his global warming agenda. We've already identified $68 billion.

Today we should have a fascinating debate. I want to thank climatologist Dr.
John Christy for appearing before the Committee to provide his insights. I am also
looking forward to the testimony of Dr. Margo Thorning, a noted economist who will
discuss the economic pain of the Obama EPA’s current regulations.

We’ve been through this now for the past 3 and a half years, and the results are
clear: President Obama’s green energy agenda has been a disaster. The time has
come to put these tired, failed policies to rest and embrace the U.S. energy boom
so that we can put Americans back to work, turn this economy around, become to-
tally energy independent from the Middle East, and ensure energy security for years
to come.

Senator BOXER. Thank you very much, Senator.

I want to clear two things up. I did not ask for any witnesses
from the Administration. I wanted outside scientific voices because
I did not want to see this turn into an attack on the Obama admin-
istration. Clearly, clearly, it is still is turning into that, but that
is OK. I did not want to have a witness become the face of the
Obama administration because they have done a lot on this.

And I want to put in the record what I talked to before. Because
you heard my colleague say, no jobs, nothing further. Let me just
say something here. We are going to put in the record the report
from the Brookings Institution. They said the clean economy which
employs some 2.7 million encompasses a significant number of jobs
in establishments spread across a diverse group of industries.
Though modest in size, the clean economy employs more workers
than the fossil fuel industry.
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So, let us just get this straight. Yes, the Obama administration
has taken some steps. And yes, we have seen job creation. We will
put that in the record.

And we will call on Senator Sanders.

[The referenced information follows:]
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The “green” or “clean” or low-carbon
economy—defined as the sector of the
economy that produces goods and services
with an environmental benefit~remains at
once a compelling aspiration and an enigma.

As a matter of aspiration, no swath of the economy
has been more widely celebrated as a source of economic
renewal and potentiaj job creation.

Again this year President Obama spoke in his State of
the Union Address of “the promise of renewable energy"”
and environmental pursuits that will “strengthen our
security, protect our ptanet, and create countless new
jobs for our people.” Since then, a global “race to clean™
has gained new urgency with numerous nations-such as
China, Japan, and the United Kingdom~all having made new
commitments to invest in the low-carbon and environmentai
goods sector as a source of quality jobs, exports, and
industry growth,

Yet, the clean economy remains an enigma: hard to assess.

Not only do “green” or "clean” activities and jobs related to
environmental aims pervade all sectors of the U.5. economy;
they also remain tricky to define and isofate~and count.

The clean economy has remained elusive in part because,
in the absence of standard definitions and data, strikingly
fittle is known about its nature, size, and growth at the
critical regionat fevel.

Currently no comprehensive national database exists on
the spatial geography of the clean economy and its sub-
industries, although important work has assessed the clean
economy across states. And while numerous studies have
analyzed individual regional clean or green industries, a
proliferation of definitions and the absence of data for farge

numbers of regions has made it difficult to situate regional
clean economies in a national and comparative confext.

The result: Debates about the so-called “green” economy
and “green jobs” have frequently been short on facts and
long on speculation, assertion, and partisanship.

Which gets to the impetus of this report: Seeking to
address some of these problems, the Metropolitan Policy
Program at Brookings worked with Battelle's Technology
Partnership Practice to develop, analyze, and comment on
a detailed database of establishment-feve! employment
statistics pertaining to a sensibly defined assemblage
of clean economy industries in the United States and its
metropolitan areas.

Covering the years 2003 to 2010 for every county in
the United States, the resulting information {available
for downioad at http://www.brookings.edu/metro/clean _
economy.aspx) and this report represent the first study of
the U.S. clean economy to provide timely information that
is both comprehensive enough in its scope and detaifed
enough in its categorization to inform national, state, and
regional leaders on the dynamics of the U.5. low-carbon
and environmental goods and services “super-sector” as
they are transpiring in regions and metropolitan areas. This
information is then employed in a discussion of how the
nation, the states, and focalities and regions might address
a number of key poticy probiems that may be slowing the
growth of the clean economy.

SIZING THE CLEAN ECONOMY | EXECUTIVE SUMMARY 3
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Most importantly, "Sizing the Clean Economy: A Nationat

and Regional Green Jobs Assessment™ concludes that:

The clean economy, which employs some 2.7 miifion
workers, encompasses s significant number of jobs
in establishments spread across a diverse group of
industries. Though modest in size, the clean economy
employs more workers than the fossi fuel industry
and buiks larger than bioscience but remains smalier
than the ITproducing sectors. Most clean economy
jobs reside in mature segments that cover a wide
swath of activities including manufacturing and

the provision of pubtlic services such as wastewater
and mass {ransit. A smaller portion of the clean
BCONOIMY encompasses newer segments that respond
to energy-related challenges. These include the solar
photavoltaic (PV), wind, fuel cell, smart grid, biofuel,
and battery industries

wages. Yet a disproporticnate percentage of jobs in the
clean economy are staffed by workers with relatively
fittte formal education in moderately well-paying
“green collar” occupations

# Among reglons, the South has the largest number

of clean economy jobs though the West has the
targest share refative to its population. Seven of the
21 states with at teast 50,000 clean economy jobs are
in the South. Among states, California has the highest
number of clean jobs but Alaska and Oregen have the
most per worker

+ Most of the country’s clean sconomy jobs and

recent growth concentrate within the largest
metropelitan areas. Some 64 percent of all current
clean economy jobs and 75 percent of its newer jobs

v The clean economy grew more slowly In aggregate
than the national economy between 2003 and 2010,
but newer ¥ ts produced sxp
job gains and the clean economy cutperformed the
nation during the recession. Overall, today's clean
econamy establishments added half a miliion jobs
between 2003 and 2010, expanding at an annual rate of
3.4 percent. This performance lagged the growth in the
national econormy, which grew by 4.2 percent annually
over the period (if job losses from establishment
clogings are omitted to make the data comparable).
However, this measured growth heavily reflected the
fact that many longer-standing companies in the clgan
economy—especially those involved in housing- and
building-related segments~laid off large numbers of
waorkers during the real estate crash of 2007 and 2008,
white sectors unrelated to the clean economy (mainiy
health care) created many more new jobs nationaliy, At
the same time, newer glean economy establishments—
especially those in young energy-related segments
such as wind energy, solar PV, and siart grid-added
jobs at a torrid pace, albeit from small bases

The clean aconomy is manufacturing and export
intensive, Roughly 26 percent of all clean economy
jobs fie In manufacturing establishments, compared
to just 9 percent in the broader economy. On a per
job basis, establishments in the clean sconomy export
roughly twice the value of a typical U.S. job (320,000
versus $10,000), The electric vehicles (EV), green
chermical products, and lighting segments are all
especially manufacturing intensive while the biofuels,
green chemicals, and EV industries are highly

export intensive

created from 2003 to 2010 congregate in the nation's
100 fargest metro areas

» The clean economy permeates ali of the nation's

metropolitan areas, but i manifests itself in varied
configurations, Metropolitan area clean economies
can be categorized into four-types: service-oriented,
manufacturing, public sector, and balanced. New York,
through mass transit, embodies a service orientation;
so does San Francisco through professional services
and Las Vegas through architectural services, Many
Midwestern and Southern metros like Louisvitle;
Cleveland; Greenville, SC; and Little Rock-but also

San Jose in the West-host clean economies that are
heavily manufacturing oriented. State capitals are
among those with & disproportionate share of clean
jobs in the public sector {e.g. Harrisburg, Sacramento,
Raleigh, and Springfield). Finally, some metros—such as
Atlanta; Salt Lake City; Portfand, OR; and Los Angeles—
batance muiti-dimensionat clean economies

Strong industry clusters boost metros® growth
performance in the clean economy. Clustering entails
proximity to businesses in similar or related industries.
Establishments located in counties containing a
significant number of jobs from other establishments
in the same segment grew much faster than more
isolated establishments from 2003 to 2010. Overall,
clustered establishments grew at a rate that was 1.4
percentage points faster each year than non-clustered
{more isolated) establishments. Examples include
professional environmental services in Houston, solar
photovoltaic in Los Angeles, fuel cells in Boston, and
wind in Chicago

= The clean aconomy offers mors opportunities and The measyrements and trends presented here offer a
better pay for fow- and middle-skilled workers than mixed picture of a diverse array of environmentaliy-oriented
the national economy as a whele. Median wagesin industry segments growing modestly even as a sub-set of
the clean economy-meaning those in the middie of the  clean energy, energy efficiency, and related segments grow

distribytion—-are 13 percent higher than median U.S, much faster than the nation (albeit from a small base) and in

4 THE BROOKINGS INSTITUTION | METROPOLITAN POLICY PROGRAM



ways that are producing a desirable array of jobs, including
in manufacturing and export-oriented fields,

As to what governments, poticymakers, and reglonal
feaders should do to catalyze faster and broader growth
across the U.S. clean economy, it is clear that the private
sector will play the lead rote, but governments have a
role too. in this connection, the fact that significant policy
uncertainties and gaps are weakening market demand
for clean economy goods and services, chilling finance,
and rafsing questions about the clean innovation pipeline
reinforces the need for engagement and reform. Not only
are other nations bidding to secure global production and
the jobs that come with it but the United States currently
risks failing to exploit growing world demand. And so
this report conciudes that vigorous private sector-led
growth needs to be co-prometed through complementary
engagements by all levels of the nation’s federal system fo

ensure the existence of well-structured markets, a favorable

investment chimate, and a rich stock of cutting-adge
technology~as well as strong regional cast to all efforts.

Along these fines, the report recommends that
governments help:
= Seale up the market by taking steps to catafyze
vibrant domestic demand for low-carbon and
environmentaily-oriented goods and services.

{ntensified “green” procurement efforts by all levels'of
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Centers, ARPAE, and Energy Innovation Hubs
programs, Two worthy additional experiments would
be the creation of a water sciences innovation center
and the establishment of a regional clean economy
consortia initiative. States can also advance the clean
economy through maintaining and expanding their
own RD&D efforts, perhaps by tapping state clean
energy funds where they exist. All should be focused
and prioritized through a rigorous, data-driven analysis
of the nature, growth, and strengths of focal clean
economy innovation clusters

in addition, the “Sizing the Clean Economy” emphasizes

that in working on each of these fronts federal, state, and
regional leaders need to:

government are one such market-making engagement.

But there are others. Congress and the federal
government could help by putting a price on carbon,
passing a national clean energy standard (CES), and
moving {o ensure more rational cost recovery on
new transmission links for the delivery of renewable
energy to urban load centers. States can adopt or
strengthen their own clean energy standards, reduce
the Initial costs of energy efficiency and renewable

energy adoption, and pursue electricity market reform

to facifitate the use of clean and efficient solutions.

And localities can also support adoption by expediting

permitting for green projects, adopting green building

and other standards, and adopting innovative financing

tools to reduce the upfront costs of investing in clean
technofogies

Ensure adequate finance by moving to address the
serfous shortage of affordable, risk-tolerant, and
targer-scale capital that now impedes the scaleup
of clean industry

On this front Congress should create an emearging
technology deployment finance entity to address the
commercialization "Valley of Death” and also work to
rationalize and reform the myriad tax provisions and

incentives that currently encourage capital investments

in clean economy projects, States, for their part, can
supplement private tending artivity by providing

quarantees and participating foans or initial capital for
revolving loan funds targeting clean economy projects

using new or improved technologies. And for that
matter regions and focalities can also help narrow the

deployment finance gap by heiping to reduce the costs

: Focus on reglons, meaning that alf parties nead
1o place detailed knowledge of local Industry
yhamics and { growth near the

center of efforts to advance the clean sconomy.
White the federal government should increase its
investment in new regional innovation and industry
cluster programs such as the Economic Development
Administration’s i6 Green Chaltenge, states should
work to improve the information base about local
clean economy industry clusters and move to suppoft
regionally crafied initiatives for advancing them,
Regional actors, meanwhile, should take the lead in
using data and analysis to understand the local clean
economy in detall; identify competitive strengths;and
then move to formulate strong, "bottom up” strategies
for overcoming key clusters’ binding constraints.
Emploving cluster intelligance and strateqy to design
and tune regional workforce development strategies
wil be a critical reglonal priovity

Ok

The measuremants, trends, and discussions offerad here

provide an encouraging but also challenging assessment
of the engoing development of the clean economy in the

United States and its regions. ln many respects, the analysis

warrants excitement. As the nation continues to search for
new sources of high-quality growth, the present findings
depict 2 sizable and diverse array of industry segments

that is—in key private-sector areas—expanding rapidiy at a
time of sluggish national growth, With smart policy support,
broader, more rapid growth seems possible. At the same
time, however, the information presented here is challenging,
maost notably because the growth of the clean economy

has atmost certainly been depressed by significant policy
problems and uncertainties,

in that sense, what is most challenging here is the

fundamental question raised by the dynamic growth but

modest size of the most vibrant and promising segments of
the ciean economy.

That question is; Will the nation marshal the will to make

the most of those ingdustries?

in the end, it is a guestion raised frequently by these

and uncertainty of projects by expediting their physical

build-out, whether by managing zoning and permitting

issues or even pre-approving sites

Drive innovation by investing both more and
in the clean ¥ i
With the needed major scale-up of investment
fevels unlikely for now, Congress at least needs to
embrace continued incramental growth of key energy
and environmental research, development, and
demonstration (RDED) budgets. At the same time,
Congress should continue its recent institutional
experimentation through measured expansion of
such recent start-ups as the Energy Frontier Research

systern.
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The “green” or “clean” or low-carbon
economy~-defined as the sector of the
economy that produces goods and services

with an environmental benefit-remains

o

(e N

once a compelling aspiration and an enigma-
as the nation and its regions search for new

sources of growth.

As a matter of aspiration, no swath of the economy
has been more widely celebrated as a source of economic
renewal and potentiat job creation.

Again this year President Obama spoke in his State
of the Union Address of "the promise of repewable energy”
and environmental pursuits that will strengthen our
security, protect our planet, and create countless new jobs
for our people.”

Likewise, scores of nations, dozens of states, and
hundreds of .S, regions and jocalities continue to beat the
drum for the econormic, security, and environmental benefits
of clean and green industry development.

Most notably, a global “race to clean” has now emerged,
with numerous nations working to drive low-carbon and
environmental industry growth.

China-which niow produces half of the world's wind
turbine and solar modules~recently announced it would
accelerate its "clean revolution” over the next five years and
has set out agyressive growth plans for strategic emerging
industries (SEIs) crifical to economic restructuring, including
multiple new energy categories, electric vehicles, and energy
efficiency products’

Japan, In response to the Fukishima puclear accident, has
committed to achieving massive price reductions for solar

8  THE BROOKINGS INSTITUTION | METROPDLITAN POLICY PROGRAM
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generation as part of a new renewables-oriented energy
policy that wilf drive economic change through massive
investments and yet-to-be-determined innovation?

And, for its part, Britain's Conservative-led coalition
government recently outlined plans for the world's first
state-backed green investment bank aimed at laying the
foundation for clean industry growth.?

in short, while the emergence of the green or tow-carbon
economy originally flowed from environmental concerns, a

market vision now prevails—a vision in which new jobs and
industries flow from the drive to reduce the environmental
impacts of the economy.

Along these lines, momentum for the business of “green”
flows in part from the $154 billion In private capital invested
worldwide in 2010 in renewable energy alone up 650
percent from 2004) and, looking forward, from the projected
tripting to $2.2 trillion by 2020 of the broader world fow-
carbon energy market.* Or as Dow Chemical Company CEQ
Andrew Liveris wrote recently: “A renaissance is within
reach, if Americans are the ones who design and build
the new {clean economy] technologies it will re-energize
commerce in the United States, creating, without a doubt,
mitlions of high-paying jobs."®

Such is the current form of the “green” economy
aspiration.

And vet, for all that the dean economy also remains
an enigma: hard to assess. Not only do “"green”
or “clean” activities and jobs related to
environmental aims pervade all sectors
of the U.S. economy; they also remain
tricky to define and isolate~and count.

The clean economy, in this regard,
is not only, or even mastly, a matfer
of dramatic and highty visible
wind farms and sofar parks. it also
includes barely visible "green”
variants of existing industries like
food and appliance manufacturing
along with industries such as
sewage {reatment or recycling whose
environmental activities are so mundane
as to be barely noticeable.

But above all, the clean economy has also
remained elusive because~in the absence of standard
definitions and data-strikingty fittie is known about its
nature, size, and growth at the criticat regional level where it
cormes to ground.

Currently no comprehensive national database exists on
the spatial geography of the clean economy and its sub-
industries, although important work has assessed the clean
economy across states.® And while numerous studies have
anafyzed individual regional clean or green industries, a
profiferation of definitions and the absence of data for large
numbers of regions has made it difficuit to situate regional
clean economies in a national and comparative context. The
upshot has been that national, state, and regional economic

devetopment actors of all kinds are Jargely without the
high-quality, consistent, fine-grained data they need to
set strategy and develop initiatives to advance the clean
eConomy.

The resutt: Debates about the so-called “green” sconomy
and "green jobs" have frequently been short on facts and
long on speculation, assertion, and parti i

ieaders on the recent employment dynamics of the U.S,
low-carbon and environmental goods and services super-
sector as they are transpiring in individual U.S. regions and
metropolitan areas. Moreover, to begin promoting a greater
continuity with other information, the definitions and
measurements here anticipate the approach and structure
of the federal government’s own forthcoming “green
economy” count, due sometime next year at broader levels
of geography.

What does the inquiry find? Overall, the analysis depicts
a clean economy that encompasses a modest-sized but
growing and layered mix of diverse industries that varies
widely in its distribution across U.S. metropolitan areas. To
the growth guestion, white the clean econamy’s aggregate
employment growth remained modest in the 2000s {current
clean economy empioyers added nearfy half a million jobs
hetween 2003 and 2010}, young, high-profile renewabte
energy, energy efficiency, and related industries delivered
hyper-growth, albeit from refatively smalf bases.

Turning to the nature of the super-sector’s jobs,
the new data confirm that the clean economy is in fact
delivering on hopes that it would generate a diverse array
of quality positions that are at once more export- and more
production-oriented than i5 the rest of the economy. Clean
economy jobs tilt toward manufacturing and exporting and
provide maore opportunities with better pay for lower-skited

workers, At the same time, a cadre of highty trained

innovators-scientists, engineers, architects—are
aiso disproportionately demanded by the
clean economy.

Beyond that, one of the most
important findings of this report has fo
do with the growth-promoting role of
regional industry concentrations. Job
growth in the clean economy has been

significantly faster in regional industry
ctysters than elsewhere, This means
that understanding the reglon-by-region
variation of the ciean economy-whether
in Albany or Little Rock or San Francisco-is
not just an “interesting” bit of local color
but criticat for understanding the competitive
strengths and potential of the clean economy
wherever it is found. Gaining a sharper understanding of
the nature and working of these concentrations can help
nationat, state, and regional decision-makers identify
centers of strength and focus strategies and investments
for maximurn growth in a time of mited resources,
So this report aims also to help clarify some of what
has remained opague about the nation’s and its reglons
clean economy.
To that end, the report begins by noting why the
metropolitan clean economy matters and then proceeds
to describe the definition, methods, and data used here
to measure the clean economy nationally and across
various fevels of geography, with a focus on the 100
fargest U.5. metro areas. After that, the report reviews a
series of measurements and trends that characterize the
development of the clean economy acrass the nation and
its regions, Finafly, the report discusses those trends, and
concludes by commenting on & number of policy problems
that may be slowing the growth of the clean economy and

Hence this report: Seeking to address some of these
problems, the Metropolitan Policy Program at Brookings
worked with Battelle's Technology Partnership Practice
to develop a detailed database of i {evel

some priorities for federal, state, regional, and
private-sector wark to advance clean economy growth,

in the end, the main takeaway is simpfe: The clean
economy, as i stands foday. is not a myth. it is real,
i and growing-in some segments rapidly. And yef,

empioyment in a sensibly defined assemblage of clea
economy industries covering every county in the United
States over the years 2003 to 2010. In that fashion, the
pages that follow represent the first study of the U.S.
clean ecopomy to provide timely information that is both
comprehensive enough in its scope and detailed enough
in its categorization to inform national, state, and regionat

for aif that, too little is clearly known about the sector, which
remains nascent, and which has not profited from the sort
of policy environment that would best catalyze its growth.
Far all of those reasons, it is ime to assemble the facts and
decide as a nation of regions how best to make the most of
the emergence of the clean economy. &
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There is no doubt that the “clean,” or "green,

¥

economy looms large in global, national, and
regional economic debates.

But why? Why should this particular swath of
establishments, firms, and industries matter inordinately to
national and metropolitan teaders?

Further, what is so important about the metropolitan
clean economy?

There are multiple answers to these questions-inciuding
the possibility that the future growth of the clean economy
will be sizable~but the most important ones involve the
interconnection of these industries with some of the most
fundamental issues of present day economic fife,

The clean economy matters because its
emergence responds to critical global and
national environmental, security, and
economic trends,

To begin with, the clean economy merits attention because
its growth responds to wortdwide megatrends associated
with critical national and world challenges—notabtly the
growing demand for globat environmentat sustainability, the
sharpening need for resource security, and the aspiration
everywhere toward economic transformation.!

Global demand for envirenmental sustainability. The clean
eronomy matters, first of all, because its emargence reflects
a growing demand for environmental sustainability given
growing concerns about the already massive scate of global
and nationat environmental deterioration.?

At the global scale, steady population growth is exerting
increasing pressure on scarce resources. A dozen years after
reaching 6 billion people, the earth's poputation will grow to

7 bittion fater this vear, probably 9 bilfion before 2050, and .
over 10 bitlion by 21002 Over the same period, economic
development and the growing wealth of rising nations wiff
propel over 1 biftion more people into the global middle
class. These new, mostly urbanized consumers will purchase
energy-intensive goods fike appliances and automabiles for,
the first time, upgrade towards fand- and water-intensive
diets comprised of more meat and fewer basic staples,

and generate increasing amounts of waste~ali placing new
pressures on world resources.?

An already stressed planet will be further strained in
coming decades. On the water front, the U.N. reckons that
after growing at a steady rate of 2 percent per year for the
past half century, global demand for water has posted a
tong-term step change increase and will grow at 3 percent
per year into the future.® Consulting firm McKinsey & Co.
sees a 40 percent shortfall between existing water supplies
and projected demand in 2030 absent efficiency gains.®
Global energy consumption, for its part, is projected to
increase perhaps 50 percent in the years 1o 2035, Yet if
catastrophic cfimate change is to be averted, greenhouse
gas (GHG) emissions from the combustion of conventional
fossil fuels must be reduced substantiatiy?

Which poinis to another environment-related driver
of clean economy growth: the likelihood of more and
miore stringent requiatory responses to the sustainabifity
chailenge around the worid. Notwithstanding the collapse
in late 2009 of efforts to craft a singte global agreement to
reduce GHG emissions and the foundering of congressional
efforts to institute a “cap and trade” carbon pricing

SIZING THE CLEAN ECONOGMY | - WHY THE METROPOLITAN CLEAN ECONOMY MATTERS 8
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system, unprecedented national emission reduction targets
were agreed to by over 75 countries at varying stages
of development (including the United States) as part of
the scaled-back Copenhagen Accord.? Nations and major
states in the United States have enacted no fewer than
293 binding and accountable new emissions reduction
commitments since June 2008.° Locking forward, continued
environmental concern in the United States and around
the world will almost certainly motivate the adoption
of additional environmentat standards that will sharpen
demand for low-carbon or environment-friendly goods
and services.

The bottom line: Environmentat stress and policy
responses to it are driving and will continue to drive waves

of industrial change, Just as the giowth of a post-war
environmental consclousness (reflected in the Clean Alr
and Water Acts inthe U.S.) drove the emergence of a first
generation of clean economy industries such as recyciing,
poilution control, and remediation, concern about global
sustainability and ciimate change are spurring the growth
of a new set of epergy related industries today-with more
change inevitable®

A sharpening need for resource security. The clean
economy atso matters for reasons of resource security:
it refiects new demands that this nation and others
reduce their vulnerability to resource supply shocks and
related conflict.?

Currently, the United States consumes nearly 19 million
barrets of oil per day—half of it imported-to power its
economy, move its people and products, and manufacture its
goods.” That leaves the entire U.S, economy vuinerable to
geopolitical instabitity and supply disruptions abroad. For
example, the high and volatile energy prices of 2008 warned
of a new, tighter, and more uncertain reality on the world
market for fossit fuels, particutarly oil®® Today, economic
recovery, the return of oif prices to over $100 per barrel, and
the Arab Awakening's uncertain course in the Middle East
and North Africa have only sharpened these concerns. And
rightly so: Such uncertainty and price volatility has been
shown to reduce investment across the economy, increase
business costs, disrupt household budgets, and so depress
domestic growth

However, the "green” and low-carbon goods, processes,
and services being developed by the tlean economy
represent an opportunity for the nation to insulate itself
from price and supply shocks and begin to disentangle
itself from the messy geopotitics of oil through efficiency

advances and & diversification of the nation's energy-source
portiofio”

in this connection, fented tec
and processes will likely contribute to resource security by
reducing the environmental impact of exploiting the fossil
fuels that are already abundant in energy-hungry countries
tike the U3, and China, such as coal and shale gas—making
uptake manageable by mitigating thelr adverse effects. Coal
will remain an important source for generating electricity
well into the future so it Is likely that end-of-pipe mitigation
technologies and carbon capture and sequestration systems
will emerge as critical aspects of its use. Likewise, water
and drainage treatment technologles are already seeing
significant new demand associated with managing the
substantial flows of contaminated "process”
water generated by the hydraulic fracturing
technigues used in extracting gas and oil
from shale deposits.®

Paraileling these dynamics are stresses
involving the world’s water resources. Water
security threatens to become a flashpoint in
many already volatile regions of the world
where supplies are at once scarce {the Middle
East), facing significant pressure in demand
(South and East Asia), and vuinerable to
a changing climate (everywhere).” Since
agriculture soaks up 70 percent of the
water consumed globally, changes in water
supply-which will be how climate change
most tangibly affects daily human activity~
will have direct and global effects on food
security.?® Exacerbating the issue, much of
the population growth mentioned above
will take place in regions with already
overburdened of underdeveloped waler
infrastructure.?’ Yet here, too, the water-
related industries of the clean economy hold
out the hope of minimizing shortfalls {and
50 contlicty and securing supplies through
efficiency gains and advancements in
purification, management, and recycling technologies, ™

A world-wide aspiration toward economic transformation,
Finally, there remains a third increasingly ascendant factor
behind the clean economy’s significance: the prospect of
industrial transformation, The clean economy matters,
in short, because it interacts with nearly every aspect of
the rest of the economy and i3 emerging as a site of rapid
technologicat and process innovation world-wide.

innovation, after all, remains a crucial driver of economic
growth, and so clean economy innovation—motivated by
the unprecedented environmental and resource challenge
outhined above-appears a likely source of future economic
development as firms of all kinds seek to invent new,
environmentally friendly ways to decrease the world's
carbon and resource intensity.®

in fact, the Gikelihood of transformation is already
attracting investment. Some $1 triflion in investment
capital globally flowed into clean energy segments alone
between 2004 and 2010, as vearly investment tevels nearly
quintupled from $52 billion to $243 billion.** Looking
forward, a recent survey by Ernst & Young found that three-
guarters of major global corporations plan to increase their
“cleantech”™ budgets from 2012 to 2014 and that 40 percent
of that spending will flow into R&D.?® Turning to water, the
prospect of innovation is also attracting increased investor
attention. Most notably, venture capital (VC) firms poured
nearly $1.25 bitlion into the historically staid sector between
2005 and 2010 through close to 250 separate deals.*®

in this regard, one of the most important heraids of
both present and future innovation potential and economic
transformation may be VC investment. VC backed firms are
roughly three to four times more innovative (as measured by
thelr patent production) than their counterparts that recelve
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other forms of private investments and as it happens clean
economy companies are increasingly in the sights of VCs.?7
Between 1995 and 2010, the share of US, VC doltars flowing
to clean economy concerns increased from 2 percent in 1995
to 16 percent in 20105 Looking forward, analysts predict
increasing shares of globat and U.S, VC investment to flow
into clean economy technologies?®

Even now the pace of innovation has picked up in many
clean economy sectors, and with it the possibllity that the
clean economy will create future jobs as well as new climate-
friendly goods, services, and processes. On this front,
patenting telis the story. According to the Organization for
Economic Cooperation and Development (OECD), patent
applications fited at the European Patent Office (EPO)
refated to the clean economy rose from 4.6 percent of aff
patents in 1987 to 7.4 percent in 2007, such that by 2007,
over 9,000 clean economy patent applications were being
filed annually, just at the EPO. Some 17 percent of these
patents originated with U.S. inventors.s¢

in short, the clean economy increasingly tooks like &
promising focation for the emergence of significant new
technologies, pracesses, and industries that will shape the
next economy and generate new jobs. That dozens of the
wortd's nations ranging from Brazil and China to South
Korea and Turkey are investing heavily in such development
both reinforces the emerging consensus and underscores
that the “race to clean™ has become an urgent competition
among states for the resource productivity, jobs, and export-
ariented manufacturing that wilt come with it.y

The metrog clean 1y matters
because that’s where the clean economy is
being built, firm by firm and cluster by cluster,
But why, then, does the metropolitan or regional ciean
economy matter inordinately? The reason has to do with the
special importance of geography in economic life,

Regions contain, aggregate, and amplify the key “drivers”
of innovation and economic dynamism,® Far from being
placeless, the economy~and econamic change~is place-
based. in this respect, the clean economy-iike the rest of the
economy-~is neither disembodiad nor “flat,” but concentrates
in particular ptaces.®

This concentrated reality of the national and the clean
economies is first of all arithmetic. Just as the 100 largest
.5, metropotitan areas encompass tworthirds of the nation's

represent the nation's prime users of public water, efectricity,
and fuel; stand as the core generators of wastes and
poliution that must be remediated; and so represent a

prime global market for alr and water management, energy
afficiency goods and services, building retrofits, renewable
energy, low-carbon transportation sofutions, and the smart
systems needed to run them, Already, 73 percent of the
nation's LEED certified green buildings stand in the natlon's
top 100 metro areas.”

More than major markets for clean economy goads
and services, however, the nation’s fargest metro areas
aggregate the key inputs to clean innovation, Two-thirds of
the nation's major research universities and environmental
sctence and energy doctorate programs reside within the
100 fargest metropolitan areas as do three-quarters of the
nation's workers with degrees in science and engineering,
Likewise, 48 out of nation’s 83 top environmental sciences
and energy research faboratories operate there,

At an early stage of the commercialization pathway,
no fewer than 96 of the 19 companies and research
organizations that have 5o far won grants from the
Advanced Research Projects Agency-Energy (ARPA-E)
for cutting-edge clean energy research projects are based
in the largest U.S. metros.¥ Farther along the path,
Department of Energy (DOE) foan guarantees have also
flowed heavily to metropolitan centers of commercial
activity and deployment, Some 86 percent of this financing
has flowed to the 21 projects {out of 30 total) focated in
the 100 fargest metro areas.®® On the environmental side,
65 percent of Smali Business innovation Grants administered
by the Environmental Protection Agency fiowed to the top
100 metros.

These resuits reinforce U.S. economic geography. The
100 targest metropolitan areas are the nation's innovation
engines, generating some 78 percent of the nation's green
patents, Their dynamism, moreover, means that 54 of the
58 highest-impact U.S. cleantech firms calted out in the
2010 Global Cleantech 100 fist are based in the 100 largest
1.5, metropolitan areas, (Going further, 39 of the 58 are
headguartered in just four metros characterized by vibrant
clean economy industry clusters~Boston, San Francisco, San
Jose, and Los Angeles),®

in short, metropolitan areas, large and smal, are now
and will increasingly be the nation’s critical centers of clean
economy talent, innovation, and finance and so ifs top hubs

popuiation but three-quarters of the nation's
output, such places contain and add up key pluralities of
the nation's clean economy markets and inputs.

The largest 100 metros contain, for example, 66 per-
cent of the nation’s population, 62 percent of the nation's
residential structures, and 64 percent of the nation’s
vehicle mifes traveled while accounting for 56 percent of
the nation's carben emissions.™ As such, these regions

of commerci . deployment, and trade,

Regions and metropofitan areas, in short, are not a part
of the national clean economy; they are that economy, as
Afan Berube has written,

For afi of its significance, though, rather litte is known
about the size and shape of the clean economy, especially
at the regional fevel, “Sizing the Clean Economy™ is one
response to that gap, ¢
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Whatever the terminology, the “clean” or
"green” or low-carbon economy prompts
almost as much confusion as it does curiosity
and fascination. One reason: Defining it and
measuring it have proven extraordinarily
difficult.

Literally hundreds of disparate studies-of the cleanor
green economy exist. In fact, the Californta Empioyment
Development Department requires 24 pages in a recent
digest to list ali of the studies it tracks on the clean
economy.’ Many of these studies focus on individuat states.
Others create national data using various methods. And
many of the analyses employ varied definiti f this

of future U.S, growth and moved to investigate the
contention that the "next” WS, economy needs to be more
export-oriented, lower-carbon, and innovation-driven as
well as opportunity rich. Key methodological decisions in
developing this report were made with those preocccupations
in mind. Further detalls are avaitable in a detailed

| ppendix that is avallable separately from

heterogeneous sphere of economic activity, For theii:
part, the state- or region-specific studies provide detaited

this report at the "Sizing the Clean Economy” project page
on the Brookings website (hitp://www.brookings.edu/metro/

information but usually can't be D across

units fo place states or metropolitan areas in thé nationat
context. Al the same time, the national studies either ignore
sub-national geography or only provide information at a very
high tevel of aggregation.

Hence, what foltows is the first study of the (L5, clean
economy to provide consistent and timely information that is
both comprehensive enough in its scope and detaiied enough
in its categorization to inform national, metropolitan, and
even focal leaders on the recent dynamics of the U.S. fow-
carbon and environmental goods and services super-sector-
with particular emphasis on regional growth and evelution.

Simitarly, the pages that follow extend a large body of
work at the Brookings Metropolitan Poticy Program on
the nature of the emerging “Next Economy” in the United
States.? This work has focused on the possible underpinnings

clean_economy.aspx)

White there i5 no consensus on a definition of the clean
economy, there are many points of agreement, Moreovet,
various studies have openly and thoughtfully addressed the
difficulties involved. In advancing a definition of the clean
economy, therefore, this report seeks to align itseif with
well-established quidelines and precedents while laying out-
rutes that are simple, internally consistent, transparent, and
replicable.

The basic definition of the clean economy used in this
study runs as follows:

The clean @conomy is economic activity-measured

in terms of and the jobs
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with them—that produces goods and services with an

environmental benefit or adds value 1o such products

usinig skills or technologies that are uniquely applied to
those products.

To elaborate on this relatively succinct and conservative
definition, a few words are in order on the precedents, terms,
and approach employed here,

First, it bears noting that the Janguage and distinctions
used here draw heavily from both European and U.S.
government statistical precedents. Most notably, key aspects
of the present definition, categorization, and approach
draw from previous definitional and measurement work
by Eurostat and the Organization for Cooperation and
Development (OECD) as well as by the U.S, Environmental
Protection Agency (EPA) and the U.S. Bureau of Labor
Statistics (BLS), which will next vear release its own
measurement of the “green” economy.” In that sense this
measurement has sought continuity with other authoritative
research rather than newness.

Second, it is alse worth noting that this is an economic
development study focused tightly on clean economy
business establishments and the jobs they create. To
elaborate on this otientation, this report is primarily about
the establishments and jobs of U.S. enterprises whose
products have an environmental benefit, including those
that add value as part of the clean economy supply chain.
Given that, the report does not attempt to measure jobs in
2 that conduct t; in an envi
friendly manner. Rather, it insists that companies and
establishments sefl, or in the case of the public sector,
provide products or services with an environmental benefit
{either inherently, like environmental remediation services
or relatively, like organic food or solar panels). For exampie,
no effort was made here to count companies that adopt
internal environmentai goals, re‘orm their processes to
make them more environmentally responsible, or even
contribute to general public knowledge about environmental
issues. However vatuable these activities are, this study
exciudes the jobs related to those activities from the clean
economy. They could be thought of as "clean process” jobs,
as opposed to “clean production” jobs.*

As stipulated above, moreover, a product must benefit the
environment to be deemed “clean.” This is consistent with
the BLS standard for its clean production survey, and itis a
slight variation on the Eurostat standard which mandates an
environmental purpose.® The environmentat benefits include
preventing or minimizing pollution (including greenhouse
gas emissions), or natural resource depletion, of managing
natural resources, including energy, air, and water, for
greater efficiency, conservation, of protection.

The last part of the above definition-regarding
companies that add vatue to clean economy products=is

intended to capture the relevant aspects of the clean supply
chain. Companies that directly produce clean technologies
or services, fike wind turbines, are unambiguousty part of the
clean economy, but it is less clear how to classify companies
that supply parts ot services to those ciean producers, such
as manufacturers of parts for turbines. Some suppliers
provide products that are used across industries and
purposes (e.g. screws, computer equipment, accounting,
financiat management), but others make products that
are only used in the tlean technotogies or require skills
that are unigue to clean technologies (e.g. blades, frames,
environmental engineering). The guiding principte used
in this study has been to only include the establishments
of companies that add value uniquely to clean products,
whether by supplying a special part or a service, using skills
or technologies that are unique to the clean economy, For
exampte, home weatherization, energy retrofitting, and
solar panet instaliation require skifis that distinguish those
services from traditional maintenance work or roofing.
finatly, some industry and impact studies estimate
“direct"” and "indirect” employment. By contrast, this study
measures only employment in establishments that directly
produce goods and services with environmentat benefits,
or produce uniguely tailered goods and services that add
value to products with an environmentat benefit. Studies
of “indirect” jobs, for their part, use information on cross
industry purchases to claim that one industry stimulates
the creation of jobs in another. This method is useful for
regional impact studies that estimate the effect of business
relocations and national impact studies that estimate the
eftect of government stimutus during a downturn. in both
cases, the spurce of added revenue can be thought of as
external and temporary. However, such an approach is
not appropriate for a study tike this one where there is no
external source of revenue. No establishment generates its
own revenue out of hothing, and so every direct job is some
other industry’s indirect job.

Consequently, the job totals reported here will be lower
than many studies which include “indirect” jobs, Thisisn't to
deny that clean economy firms are involved in rich networks
of business relations with traditional “non-clean” firms; it
is simply to say there is no reason to think of these general
suppliers or customers as components of the clean
economy sector.

This approach has the advantage of being firmiy rooted
in economic activity connected to supply and demand in
competitive markets, rather than just voluntary business
philanthropy. This focus, along with a "direct” jobs count
from actual ¢ makes the measur akin to
industry data from government agenties and provides the
sort of straightforward information needed for strategic
thinking about investments.

14 THE BROOKINGS INSTITUTION [ METROPOLITAN POLICY PROGRAM



24

With the definition and method settled, the Brookings-
Battelle team proceeded to measure the clean economy
by building a database of clean economy companies and
establishments “from the ground up.” That is, instead of
doing a national survey, which would be extremely costly
if it were to be locatly representative and regquire an array
of difficult assumptions about sampling, the team took on
the task of identifying and tocating every company (and
ultimately establishment) in the clean economy that could
reasonably be identified using a variety of validated public
and proprietary data sources.

Normally, standard industrial codes would be used
for such a measurement exercise, but because the clean
economy pervades so many industries, many codes contain
establishments that fail both inside and outside the ctean
economy white at the same time no existing industry
classification system breaks out green industries, whether it
be solar energy activities, energy efficient products, green
materials production, or enterprises aimed at the reduction
of greenhouse gases. Or as the BLS expiained in its March 16,
2010 Federal Register notice on approaches to measuring the
green economy: “The studies reviewed showed that neither of
the standard classification systems used in the BLS data, the
North American industry Classification System (NAICS) or the
Standard Occupational Classification (SOC), identifies a green
or environmentat grouping of industries or occupations.”

The upshot: Company and ultimately establishment-
specific information was needed to identify and quantify
clean economy establishments and employment,

Identifying clean economy companies and
establishments

Two approaches were taken to identify clean economy

firms. First, a set of industries deemed exclusively part of

the clean economy was identified using the eight-digit SIC
{Standard industriat Classification) system developed by

the business intelligence firm Dun & Bradstreet (D&B) and
maintained as a time series by Watls & Associates as the
National Establishment Time Series (NETS).® In performing
research on the clean economy for the Pew Charitable Trusts,
Collaborative Economics developed a tist of industries that
could be considered completely embedded in the clean
economy, in that each establishment in that listing produces
goods or services that have an environmental benefit as
defined above. More recently, Berkeley researchers worked off
that tist and added over 100 new SICs to it” This study used
the Berketey fist as a starting point and incorporated almost
every company, establishment, and job in those industries and
added relevant SICs for air, water, waste management and
treatment.® This industry-based approach yielded 49 percent
of all jobs and 69 percent of all establishments inciuded in
this study (see external appendix for full list)?

The second approach emploved for identifying clean
econory firms and establishments was to create a validated
master clean economy list to catalogue every known industry
association, certification, federat grantee, venture capital
recipient, patent assignee, and product list that is refevant
to the clean economy. in this fashion, over 60 lists of clean
economy companies (see the appendix) were compiled to
create a substantial list of firms. The team also considered
and incorporated listings from market research organizations
and proprietary industry data sources, such as the Environ-
mental Business Journat and Plunkett's Renewable,
Alternative and Hydrogen Energy Industry Almanac. Al of the
tists were carefully validated. Lists were rejected if the team
discovered that non-clean economy companies were allowed
to join, The companies from the master list were incorporated
into the study, and duplicate establishments were removed.

With the industry codes identified and firm lists
assembled, the next step was to find statistics on the
companies and their refevant establishments using Dun &
Bradstreet. Establishment history and other characteristics
were added through the use of NETS,

For companies that produce both “green” and "non-
green” products an effort was made to include only
establishments that specialize in the clean economy
production. This task was facilitated by Dun & Bradstreet
and NETS because they employ detailed industry
classification schemes that distinguish activities across
establishments of the same company and even within
single locations.

For cases where large establishments were known to
produce both green and conventional products, information
from companies, including their websites, was used to
aliocate a percentage of the site's employees to the clean
economy based on the relative importance of its clean
products compared to alf of its products. Because of the
nature of the Dun & Bradstreet database, many of the
smalter establishments of tess than five employees were a
mix of independent contractors and field offices rather than
stand-alone establishments. in order to ensure consistency
within the establishment and job count, those very small
establishments were excluded from the Brookings-Battelle
database. This resulted in a roughly five percent reduction
in the totat number of clean economy jobs and a larger
reduction in the number of establishments as most of them
had zero jobs. (See appendix for details).

Classifying the establishments
Once the company, establishment, and job information was
compiled, the next step was to classify it. The goal was to
make the data as analytically useful as possible to facititate
research at various geographic levels and especially for
regional economic development pianning. There were a
number of options, and ultimately this study reports the
data in three ways.

First, through Dun & Bradstreet and NETS, the data
is organized by NAICS categories, which is how the
U.S. government reports data (e.g. for manufacturing,
construction, financial services, and sa on). Second,
pecause only a small fraction of NAICS categories reside
within the clean economy, a second scheme was adopted
that divided establishments into five high-level cateqories
{largely adopted from the BLS). Finalty, to provide a third,
finer-grained categorization, 39 segments designed by the
Brookings-Battetle team was used to further narrow the
class of business activity and atiow for detailed analysis.®
Estabtish ts were d to segi ts based on their
industry code, the list used to identify them, or, in some
cases, information provided by the company’s website" The
external methads appendix presents a table that shows how
the company lists were matched up to segments.

Other measures

A series of other measures were created using the clean
economy database, Details on how these were calculated
are available in the appendix document. A quick description
follows:

Because of the way companies were identified-using
member lists, grantee lists, and so on-no way existed for
recreating the same universe of clean economy firms
in previous years. Yet, the employment history of firms
currently existing-including when they were born-was
available through NETS from 2003 to 2009 {with D&B data
praviding the most current 2010 jobs figures—as downloaded
in early 2011, This created a problem when calculating
growth rates: The base year was artificially higher than
it would otherwise be because the database contained no
record of job fosses from establishments that went out
of business (only those that laid off workers). This is fine
when comparing segments, states, or MSAs, because the
bias is shared more or less evenly, but it won't work for
camparisons against the “non-clean” national economy. To
adjust U.S. growth from 2003 to 2010 for the foss of jobs
from closing establishments, information was obtained
from the Bureau of Labor Statistics’ Business Employment
Dynamics series and the NETS.¥ The national base year
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Table 1. Brookings-Battelle Clean

onservation

Energy and Résource Efficiency:

Renewable Energy.

coutd then be adjusted to cafculate what growth would have
been nationally if no jobs were fost from establishments that
closed. The job growth figures reported in this report reflect
this adjustment, and therefore are higher than actual net
growth rates.

Exports from each establishment were estimated
by allocating national exports for a given three or four-
digit NAICS industry to establishments based on the
establishment's share of total U.S. employment in that
three or four-digit industry. A similer approach was applied
to metropolitan areas in recent Brookings research and is
described in detail in that report.® The same sources and
technigues were used here.

Data on the number of occupations, type of occupations,
wages, and education requirements for each job were
catculated using national statistics from the BLS's
Occupational Empleyment Statistics (OES) program and
Employment Projections Program (EPP). OES provides
estimates for the number and type of occupations in each
four-digit NAICS, and EPP provides education attainment
estimates for each occupation, Occupations that fell within
the middle range of the median wage distribution were
classified as moderate-wage “green collar™ pursuits.

E; were identified as if they were
jocated in a county with a significant number of jobs in other

2y Industry C:

- Conservation .
“Qrganic Food-and Farming i

ies anid Sigments.

Sustainable Farestry Products

-Applianices - o
Battery:Technologies
-Electric Vehicle Technblogies

~-Enetgy-saving Buliding Materials:

‘Enerqy-saving Constmer Products
FuelCails - . cil :
Green:Architecture and Construction Services

THVAG and‘BuiQdihg Control Systems

Lightisg™ e d
Professional Energy Services

2 Public Mass Trafsit

Smart Grid
Water EHicient Protiucts

Biotuals/Biomass

“iGeothérmal

‘Hydropower. e
Renewabie Eriergy Services’
Solar Photovoltaic

“Solar Thermal-
" Waste-to-Energy

Wave/Ocean Power -
Wind o :

establh s in the same segment. The threshold was
whether ar not the number of other-establishment jobs in a
county's segment was greater than one percent of the US.
jobs for that the segment. Other definitions-including the
use of relative shares-yielded similar resuits.

While the goal of this report was to measure every
establishment and job in the ciean economy, that is

clearly an impossible task. The study surely left out many
companies that are rightfully part of the clean economy, and
there is no doubt that the empioyment figures and location
data from Dun & Bradstreet and NETS will not always exactly
match the real world.

One reason for this is the fact that for whatever reason
some clean economy companies {ail to appear on any of the
fists used to compiie the bulk of the database.

Take the car-sharing business, for example, which claims
to reduce the demand for cars and the consumption of gas
through its convenience and fuel-efficient car-sharing fleets®
These assertions are supported by academic research
on car-sharing. Critics could counter that car-sharing
encourages driving over more environmentally-friendly
pubtic transportation, and there is evidence that car-sharing
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is more commaon where public transit is ceadily available™
But whatever its true environmenital impact, no car-sharing
company is in this database. The reason is that they did

not win any ciean economy grants, join any green industry
associations, obtain any green certifications, develop any
ciearty identifiable green economy patents, or receive money
from a cleantech venture fund. There are surely other
companies that many people wouid consider to be “green”
that likewise did not make it into this database for the

same reason.

With these caveats in mind, there is compelling evidence
that the Brookings-Battelle clean economy database
provides a reasonably accurate estimation of the clean
economy.

To assess and improve accuracy, a prefiminary version
of this database was shared with research partners with
regional expertise in metropolitan areas like Sacramento,
Chicago, the counties of the Northeast Ohio region, and the
states in New England, The research partners were asked
to identify, by their judgment, mistakes in the database
including, especially, clean economy firms that were feft out
of the Brookings-Battelle database. Some of these research
partners embarked on extensive efforts of data coflection,
including interviews with locat industry leaders and analysts.
Where significant oversights or discrepancies were identified
the Brookings-Battelie team redoubled its efforts to locate
new fists with broader coverage of those sectors that were
originally under-counted. The resulting effort added several
hundred thousand jobs to the database. This process was
repeated on several occasions.

To get a general sense of the accuracy of the final
database, one can compare it to other studies of the clean
economy. In this fashion, the Brookings-Battelie database
contains 2.7 million jobs. This figure runs to the higher end
of recent estimates but lies within the range reported by the
U.$. Department of Commerce in a recent report, For that
matter it is three to five times higher than national estimates
produced in recent years by the Pew Charitable Trusts and
the U.S. Conference of Mayors.

At the state level, the number of clean economy jobs
reported in this count tends to slightly exceed that reported
by various state survey estimates, The present count runs
between 12 and 25 percent higher than the totaf number
of jobs estimated by state government surveys in Oregon,
Catifornia, and Connecticut® Estimates by a state agency
for Washington in 2008 were roughly half of the Brookings-
Batelte but after a met! ical change the
2009 edition of the survey vielded a jobs number i9 percent
higher than the Brookings-Battelle estimates.™ Two states—
Missouri and Kansas—came up with “direct job” estimates
that were one-third to one-fourth fower than the Brookings-
Battelie figures.?® Michigan was the only state with a major
qreen jobs survey that produced a substantially higher
number than the Brookings-Battelle employment estimate.®
There, the Brookings-Battelfe estimate came in about 30
percent lower than the Michigan number. Finaify, a study of 11
targe counties in California by researchers at the University
af California at Berkeley located 110,000 clean economy jobs
in those counties—a figure that compared with a Brookings-
Battelle figure of 169,000 for the same counties.”

Finally, the 8rookings team also compared job fevels in
this database to various industry reports. in almost every
case, the industry reports—which frequently reported
“indirect” as well as "direct” Jobs-exceeded the present
estimates. However, when direct jobs are compared, the
Brookings numbers are much closer, The Solar Energy
Industries Association has estimated 24,000 direct jobs
in the solar industry.? This number is slightly lower than
the 29,53t estimated by Brookings and Battelie. The
Sotar Foundation, in conjunction with Green LM|, did a
national survey suggesting that there were 93,502 sofar
energy jobs (mostly in California) but only 24,516 jobs in
solar manufacturing.® This comparison reveals that the
Brookings-Battelle estimates probably undercount jobs in

solar installation; those workers are difficult to measure
because the work is done by companies that are heavily
involved in traditional construction and instaltation activities.
For its part, the National Hydropower Association estimates
that hydropower accounts for 60,000 direct jobs, compared
to 55,433 estimated by Brookings-Battetle.™ Likewise, the
American Wind Energy Association estimates 30,000 direct
jobs; Brookings-Battetle estimates 24,294 wind jobs.”® And
finalty, the Geothermal Energy Association estimates 9,000
direct jobs, while the Brookings-Battelle figure is 2,720.7
Overall, while not perfect matches, these comparisons
suggest the database presented here is fairly refiabte,
though coverage of sofar installers is probably lacking.

To gauge how well the database picked up specific
companies, a final quality check was conducted using
the Globai Cleantech 100 list produced by The Guardian
newspaper in partnership with Cleantech Group. These
100 highty-rated companies were selected by a panel of
60 experts from around the world under the criteria that
the companies represent the highest potentiaf for market
impact, are for-profit and private, and are not listed on any
major stock exchange.® Of these, 81 percent (or 47 out of
58) were inclyded in the Brookings-Battelle database, Those
missed were either not covered by Dun & Bradstreet or
had fewer than five employees in the D&B record; the only
exception was a car-sharing company, which did not make it
on to any public list except the Giobat Cleantech 100.

in short, through comparisons with other national,
regionat, and even industry studies and refined lists of
new firms like those on the Globai Cleantech 100, the
evidence suggests that the Brookings-Battefle method
offers a reasonably accurate measure of the clean ecanomy.
Nationat and state comparisons provide no evidence that
this method has significantly undercounted the number of
clean economy jobs. Indeed, most studies of comparable
geographies have found many fewer jobs, and yet, the strict
requirements for inclusion mean that an over-count is highly
improbabte,

in addition to accuracy, the “bottom-up”™ method utilized
here makes this arguably the most comprehensive study
to date, No other dataset provides such fine-grained
classification and no other dataset provides national, state,
and metropolitan data across the entire United States, What
is mare, while the forthcoming BLS green jobs study will
provide some of these geographic advantages (state data
will be available), it will probably not be able to disciose job
numbers in many locations because of survey-participation
agreements. Likewise, it will report the data at the two-digit
NAICS tevel but will not offer the segment detail provided in
the Brookings-Battelle database.

Ultimately, the two surveys should prove complementary.
While the BLS survey will be valuable, it may not fully satisfy
the demand from state and metropolitan actors for detailed
geegraphic and segment information, which means existing
sub-national measurement efforts, such as this study, will
probabiy need to be continued as long as there is Interest in
measuring the clean economy,

in conctusion, while many studies of the green or clean
economy have often seemed to play out as proxy wars in the
larger debate over climate change policy, this work tries to
step back from those issues. By embracing sound precedents
and transparency, this effort seeks simply to deliver a
reasonably accurate and locally useful measurement of the
firms, establishments, and jobs in the United States that
are providing goods and services refated to protecting the
enavironment, mitigating ctimate change, conserving energy,
and generating clean power. The sections that follow anatyze
the data and discuss various policy implications. At the same
time, for those who want to drifl down on ali of the jobs
data, as well as selected clean economy indicators for the
nation, the states, and the 100 largest metropolitan areas,
that materiat is available for free downfoad at the Brookings
website (http://www.brookings.edu/metro/fclean_economy.
aspx).
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So what does this assessment of the U.S. clean
economy find? This analysis of establishment-
fevel data compiled by the Metropolitan Policy

Program at Brookings and Battelle covering
the entire United States and focusing on the
nation's 100 largest metropolitan areas reveals
a series of key takeaways:

1, The clean economy, which employs some 2.7 miffion
workers, encompasses a significant number of jobs

in establishments spread across a diverse group of
industries. in 2010, 2.7 miflion jobs in the United States
directly contributed to the production of goods and services
that had an environmental benefit. The jobs were spread
over 57,501 different i s in 41185 ¢

existed in almost every industry.

Encompassing 2 percent of alf positions, the clean
economy represents a rmodest stice of the 115, economy. 8y
contrast, the heafthcare sector—the nation’s largest source
of private employment-employs 13.8 mitlion workers, and
accounts for 10.2 percent of jobs! Yet, compared to many.
other cross-industry sectors, the clean economy fooks much
more significant (see Figure 1). For example, just 1 percent
of jobs (1.3 million) directly support the production of fossil
fuel-based energy, derivative manufactured products, and
machinery; that number rises to 1.8 percent (2.4 million)
if aif wholesale and retail distributors and transporters
are included such as gas station employees? Likewise, the
biosciences sector-a focus of much investment interest-
supports just 1.4 million empioyees Producers in the

and

Figure 1. The Clean Economy Compared with
{ther Sectors of the U8, Economy
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Source: Battetle and Bit qy Industry “State
Biascionce kntistives 2010" (2090); Fossil Fuels: Brookings analysis of County
Business Patterns and Bursau of Labor Statistics data fnformation Technalogy:
Moody's Analytics; Clean Ecanomy: Brookings-Battelle Clean Economy Databass
The job levels reported here reflect data from multiple years: Biosciences from
2008; Fossil fuels From 2009: and the remainder from 200
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important information technology (IT) sector do employ
more workers than the clean ecanomy-approximately
4.8 million-but almost one third of those jobs are in
wholesate and retait?

in terms of its sectoral profile, the clean economy
encompasses a wide variety of activities that extends far
bevyond high-profile renewable energy and energy efficiency
sectors. in fact, the vast majority of clean economy jobs
produce goods or services that protect the enwironment or
reduce poflution in ways that have lithe to do with energy
or energy efficiency. Nearly one-fifth of ciean economy
jobs, for example, involve agriculture and conservation,
which inciudes a variety of land and forestry management
jobs, as well as those in organic farming. Another 40
percent of clean economy jobs benefit the environment
through greenhouse gas (GHG) reduction, the management
of resources like air and water, and recycling. Businesses
involved in renewable energy, by contrast, comprise just
S percent of all clean economy jobs. Nuclear energy,
= clean but non-r . comprises 3 percerit of
jobs: roughty 75,000,

Getting into more detail, the largest single segment of the
clean economy invoives waste management and treatment,
which employs nearly 400,000 workers-14 percent of afl
clean economy jobs, Here, the LS, Bureau of Reclamation
is the largest employer, followed by the waste management
and water operations of the city of Los Angeles and the city
of New York, The second Jargest segment is public mass
transit, which employs another 350,000 workers and yields

20

S Wavb/Ocear Power

an environmentat benefit by displacing single-passenger
vehicles. First Student Inc., a nationwide school bus operator
{which disptaces tess efficient personal-vehicie travel), is the
fargest single employer in transportation, followed by the
Nationat Raitroad Passenger Corporation (known as Amtrak),
and the operators of the dense Northeast corridor: the
Long Istend Railroad and the New York and Washington, DC
metropolitan transit authorities. The third largest segment
is conservation, @ substantial number of workers in which
are emptoyed by the U.S. Fish and Wildiife Service, the US.
Forestry Service, and Nationai Park Service, as well as state
and tocal governments.

Despite their small size, meanwhile, the activities
most strongly identified with the clean economy may
be renewable energy production and energy-saving
technologies. The targest renewable segmaents are
hydropowsr, wind energy, and solar photovoltaic (PV)
energy, which provide about three-quarters of ait renewabie
energy jobs, or just over 100,000 jobs. Large firms inthesg
segments include General Electric, Rosendin Electric, and
Vestas in wind and MEMC Electronic Materials, First Sofar,
and Sharp in solar. Other energy-focused segments inciude
fuet cells, smart grid, battery technologies, and electric
vehicles, with many small, young firms, as well 05 targe
companies tike Ball Aerospace & Technologies and 3M, key
players in fuel cefls; ltron and Black & Veatch Corp in smart
grid; and Exide Technoiogies and Delphi in batteries, These
segments provide some 55,000 “direct” jobs.

The rest of the green economy, finally, invoives
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Figure 2. Clean Econemy Job Growih Compared with Overall Job Growth,
Excluding Establishments That Closed, 2003-2010
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averything from regulation and compliance (such as the
EPA's activities), to research and engineering (enterprises
fike Oak Ridge National Lab), green architectural services,
building products, and more. Over 77,000 clean economy
jobs, for example, can be found in companies that make
a diverse array of "green” consumer products, or those

with i ¢ g . This includes
uch as L'Oreal, , Phizer, and
Johnson and Johnson-whaose products have received high
t marks from the ide, an i dent

consumer products rating enterprise

Yet beyond these categories and segments there is
one more way to think about the clean economy and that
is in terms of the era of the environmentat concern being
addressed, In this respect, over 90 percent of clean economy
jobs te in older seyments that provide goods or services
that solve fong-appreciated environmental problems, Many
of these jobs reside in gaverament bul others populate
commercial segments like fighting, water efficient products,
green building materials, recycling and reuse, and pofiution
reduction, At the same time, though, 3 newer layer of
astablishments has emerged that is working on other
environmental problems, the dangers of which have only
recently been widety understood-such as global warming
and the side effects of fossif fuel production. They are doing
30 through the creation of new forms of energy, as well as
energy saving, storage, and mitigation products.

2. The clean econamy grew more siowly in aggregate
than the national economy between 2003 and 2010

but newer “cleantech” segments far outperformed the
nation during the period, as did the clsan economy overali
during the recession. Overall, today's clean ecoﬂomy
establishmants added more than hatf a miflion jobs between
2003 and 2010, expanding at an annuat rate of 3.4 percent.
This performance somewhat lagged behind in the nationat
economy, which grew by 4.2 percent annually over the
period (f job fosses from establishment closings are omitted
to make the data comparabie). And vel, during the middie

of the recession~from 2008 to 2009-the clean economy
grew faster than the rest of the economy, expanding at a
rate of 8.3 percent. This is likely due, in part, to the American

atis prosented ire from HET

justiment, the number of jobb fasses in futuire yes

are onfy for astablishments thak were it busingss in 2009 as NETS
sentod hare were alvo AgiUStad (0 ecount for ol loxses due to
s 4p untif 2600 was subtracted flarm 0tal soploYDIEnt in the base yeor

In interpreting these riumbers, the reader should keep
in mind that the Brookings-Battelle database facked any
information on establishments that died (Le. closed) before
2010, but was able to get establishment history for those
enterprises operating in 2010 and identified as part of the
clean economy. Therefore, all the clean economy job growth
figures reported in this report are higher than they would
otherwise be since, for example, jobs that existed in 2003 at
an establishment that closed in 2005 would not have been
captured by our searches in 2010-to the effect of towering
the job count in 2003, To make the data comparable, ULS,
growth data is adjusted similarly, remaoving job fosses from
establishment deaths, This was done using data from NETS
{through 2008) and the Bureau of Labor Statistics’ Business
Employment Dynamics series (through 2010}, (Figure 2).

Which layers of the clean economy grew fastest?

Young establishments in & few key segments drove most

of the job growth, Excluding closings, 78 percent of all job
gains between 2003 and 2010 came from establishments
horn in 2003 or later, Most new jobs are created by new
enterprises across the broader sconomy, too, but the
impact per establishment is not as marked as in the clean
econamy.” There, only 22 percent of alf establishments were
created in or after 2003 and yet they generated that large
majority of the job creation.® To put this in perspective,

old establishments in the clean economy (those born

before 2003} created an average of just three jobs for

avery one establishment from 2003 to 2010 while new
establishments craated 37 jobs. This compares favorably to
new establishments nationally which created just 10 jobs per
establishment over the same period (excluding job losses
from deaths).® The takeaway: Young establishments in the
clean economy had a substantially greater job creation
impact per establishment thap thelr "non-clean™ peers in the
national economy.

Which segments grew fastest? Again, the youngest did,
The 13 segments in which the bulk of establishments date to
later than 1996 grew by 8.3 percent annually from 2003 to
2010~a figure that easily outstripped the 3.2 percent growih
of older segments as well as the 4.2 rate for the national
acanomy over the same period (Table 2).

Along these fines, four of the five fastest-growing

Recovery and Reinvestment Act (ARRA), which ¢ fed
farge sums of public spending towards clean energy projects
through much of 2009,

during this ¥ r period ware in renswable
energy. Solar thermal grew at a torrid pace, expanding by
18.4 percent annually over the seven years and adding
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3,700 jobs. The wind power industry added 15,000 jobs,
growing 14.9 percent per year. Solar PV added 12,286
Jjobs with 10.7 percent average annuai growth, Moreover,
biofuels, another renewable segment, added 2,300 jobs
with 8.9 percent growth each year over the period.

Young, technology-heavy segments were also adding jobs
at elevated rates each year over the period. for example,
establishments involved in fuel celt production created
roughly 3,500 jobs while those working in smart grid
added 7,000, with annual growth of 10.3 and 8.6 percent
respectively.

The slowest growing segments, by contrast, saw job
losses from establishment contractions overwhelm job
gains from expansions and openings, Many of these losses
took place in older building: and building infrastruciure-
related segments that were evidently hurt by the housing-
centered recession, including, for example: water efficient
products (e.g. and bathroom ) green
chemicat products (house paint); appliances; and energy-
saving consumer products (office equipment, glass, home
weatherization services), Hydropower and nuclear energy
also experienced weak growth, with the former actuafly
fosing jobs.

3. The clean economy Is manufacturing and export
intensive. Manufacturing and exporting are strengths of
the clean econemy. Engaged in the production of everything
from house paint to fuel cell components and refrigerators,
approximately 26 percent of all clean economy jobs are
involved in manufacturing, compared to just 9 percent of
jobs in the economy as a whole.® in addition, Brookings
astimates that in 2009 clean economy establishments
exported an estimated $49.4 biffion in goods, representing
5.3 percent of alt U.S. goods exports, Such establishments
were also responsible for an additional $4.5 billion in
service exports,

Manufacturing, for its part, accounts for a majority of
the jobs in over haif of the clean economy segments: 20
to be exact. Severat segments—including electric vehicle
technologies, water etficient products, green chemical
products, appliances, sustainatle forestry products, lighting,
recycled-content products, and energy-saving consumer
products—are particularly manufacturing intensive, with
roughly 90 percent or more of their jobs residing in
manufacturing establishments. Both solar-related segments,
along with wind energy, have more than two-thirds of
their jobs in manufacturing. Even the organic food and
farming segment is fargely comprised of manufacturing
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Figure 3. Exports Per Job in
the Clean Economy Versus
the Overall U.S. Economy, 2009

$20,129

5‘0.3?0

Qverall U.S.
Economy

Clean
Economy

Source: Srookings-Bateefie Ciean Economy Datahase: Brookings analysis
of United States imernatiopal Trade Commission. Bureau of Economic
Anatysis, and Moody's Ecaromycom data

Figure 4. Gceupations
in the Clean Econormy, 2010
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estimated $189,000 in exports per job. This is followed by
green chemicals, etectric vehicle technoifogies, wind, battery
technologies, solar PV, fuel cells, air and water purification
technologies, and recycted-content products, which export
roughly $63,000 per job.

These export estimates were calculated by Brookings
based on the NAICS industry of each ciean economy
establishment. The external methods appendix document
discusses the methodology in more detait,

4. The ciean economy offers more opportunities and
better pay for fow-skilied workers than the national
economy as a whole. Another strength of the clean
economy is the access it affords to decent jobs up and down
the skifts tadder. Typical wages in the clean economy exceed
those in the aggregate U.S. economy by roughly 13 percent,
based on an analysis of the dataset, The median wage of a
typicat ciean economy job approaches $44,000. This figure
far exceeds the compensation fevel of the typical job in the
United States. The national median wage is just $33190

(or $38,616 if calculated using a weighted average of the
medians, as was done for the ciean economy).

This shouid not be interpreted to mean that clean
economy firms are somehow maore generous towards their
workers, which may of may not be true. Indeed, previous
research suggests that clean producers act like other
companies in whatever industry they occupy.™ Rather, as the
methods section and externat methods appendix describes,
these wage statistics were estimated based on the (four-
digit NAICS) industry group, which generated occupationat
estimates and finally wages. in other words, the better pay
refiects the fact that the clean economy jobs are in better
paying industries with better paying occupations.

in fact, 3 farge majority of jobs in the clean economy are
middle-wage "green coffar” occupations defined here as
those having a median wage that falls within 20 percentage
points of the national median wage of $33,190 ($26,552 to
$39,828). Of the 22 major occupational groups defined by
the Bureau of Labor Statistics, the six that fafl befow this
range are classified as low wage/low skilf occupations, the
seven that fall within it as middle wage/middte skili, and
the nine above it as high wage/high skill occupations (see
Appendix £).

As Figure 4 shows, more than two-thirds of ail clean
economy jobs fall within this middie-wage “green-coltar”
category, compared to 43 percent of jobs in the broader
economy (see data appendix for details). This middle-wage
ciean economy orientation reflects the targe number of
il ion and construction occupations in the sector

Projections Progran:

establishments involved in food processing.

Moreaver, the share of ail manufacturing jobs engaged in
clean economy production is on the rise. From 2003 to 2010,
clean manufacturers added 35,832 jobs (exciuding closings),
while U.S. manufacturers overall iaid off 3.3 million workers
Clean economy m. ing emp ata
rate of 0.8 percent each year (or 5.5 percent over the entire
period); meanwhile, U.S. manufacturers at large shed jobs at a
rate of 1.5 percent per year (for a growth rate of -10.1 percent
over the period), Again, both of these rates exclude jobs fosses
from establishments that closed over the period, since that
data was not available for the ciean economy.

Manufacturing frequently is linked to exporting, meanwhite,
and so it is in clean economy. In fact, on a per job basis,
the ciean economy is about twice as export-oriented as
the national economy. To be precise, Brookings estimates
conclude that some $20,129 worth of exports is soid for every
job in the clean economy, compared to just $10,390 in exports
for the average U.S. job The most expart-oriented segment-
on an exports per job basis-is blofuels, which generates an
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(these are over 1.5 times more prevaient in the clean
economy than in the nationat one) as well as its tilt toward
occupations in production and transportation (which
are over twice as prevalent in the clean economy). As
a complement to the clean economy’s middie-income
occupational profife, numerous technicat occupations
populate the sector. Along these lines, the clean economy
employs a higher percentage of scientists, architects, and
engineers (10.1 percent) than the national economy (5.4
percent) and a much lower percentage of workers in the
worst-paying occupations such as food preparation, sales,
and heatthcare support, Overall, just 6.9 percent of ciean
economy jobs lie in the lowest paying occupations while 28.3
of U.S. jobs fali into this tier

There is also one more attractive feature of the clean
economy opportunity structure: The clean economy
not only pays well, but pays well even for those without
post-secondary degrees. Almost half of ali jobs in the
clean economy are held by workers with a high school
diptoma or less, compared to only 37.2 percent of U.S,
jobs, These clean economy jobs—many of which are in
“green coliar” occupations involved in making and moving
products—provide higher wages than typicat “low-skill"
jobs: Approximatety 28.1 percent of ali occupations in the
clean economy are strong-wage (paying above the U.S.
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median) and Jow-skill (the percentage of workers witha
high schoot diploma or less is higher than the nationat
average) compared to 13.3 percent in the national economy.
Conversely, only 32.5 percent of clean economy jobs are
weak-wage (paying below the U.S. median) and low-skili,
compared to 41.4 percent naticnaliy. Table 3 shows how
green collar occupations and education requirements vary
across segments.

5, Among reglons, the South has the largest number

of ciean economy jobs though the West has the fargest
share refative to its population. Turning o the geography
of the clean economy, it turns out that almost one-third of
all clean jobs are located in the U.S. South, The West comes
next with nearly one-quarter of these jobs, followed by the
Midwest with 23 percent and the Northeast with 20 percent.
Measured as a percentage of total employment, the West
commands the largest refative share, as 2.2 percent of the
region’s jobs are in the ciean economy. The Northeast also
manages to beat the national average for its percentage

‘230 j EgEn

of jobs in the clean economy (2.1 percent), followed by the
Midwest (2.0 percent) and the South (1.8 percend).

In terms of absolute employment numbers, California
clean economy establishments lead the nation by providing
318,156 jobs, well over 100,000 more jobs than in the next
targest state, New York, whose establishments support
185,038 jobs. Texas (144,081 is third and four more states
register six-digit employment levels, impressively, seven
southern states tally at least 50,000 jobs in the clean
economy. These states inciude Florida, Georgia, North
Carofina, Tennessee, Virginia, and South Carolina,

Turning to the relative size of each state’s clean economy,
half of the 10 states possessing the highest job shares in
the clean economy are in the West. Alaska has the Jargest
total share of its jobs in the clean economy (4.7 percent),
the majority of which involve conservation and management
of the environment given the state's massive parkiands,
Oregon (3.4 percent) is a big producer of organic food, as
welt as green building materials and sustainable forestry
products; Montana contains vast public lands with park
rangers and related professions but also jobs in sotar PV
and hydropower. Washington and ldaho also fall into the top
ten, Yet much of West’s advaniage on clean infensity comes
from its historic possession of national parkiands. In terms
af private activity, the West has a slightly lower share of
jobs in the clean economy than the Northeast and Midwest,
Alaska, Montana, and idaho fall out of the top ten. Vermont,
with a disproportionate number of jobs in organic food and
farming, as well as green bullding materials, has the highest
private-sector clean economy job share (as a percentage
of total state emptoyment) at 2.6 percent; Oregon remains
second and Wisconsin moves up to fourth, with a strong
showing in water efficient products, sustainable forestry
products, recycled-content products, various building
and appliance refated segments, battery technologies,
and fuel cells,

8. Most of the country’s ¢lean economy jobs and recent
growth concentrate within the largest metropolitan
areas. Focusing now on metropolitan geography, some

84 percent of all clean economy jobs resided in the nation’s
metropolitan areas in 2010; some 64 percent congregated
in the fargest 100 metros alone. That supermajority falls
slightly short of the 66 percent share of the nation's
population tiving in those metros but the gap is closing:
Large metros’ share of clean economy jobs has increased
by 3.3 percentage points {from 60.5 percent) since 2003,
Al told, three-quarters of clean economy jobs created from
2003 to 2010 were created in large metros.

Some clean economy segments are more “metro-centric”
than others, however, and this concentration has been highly
correlated with job growth,

To the first paint, the varying degrees of segment
concentration in targe metros are noteworthy. For example,
the largest 100 metros contain over three-quarters of the jobs
in some 13 clean economy segments that include, starting
with the most concentrated: training, professional energy
services, architecture and construction, renewable energy
services, waste-to-energy, wind, professionat environmental
services, battery technologies, smart grid, solar PY, and mass
transit. By contrast, eight segments have fewer than half of
their jobs in the 100 largest metropolitan areas. These include
farming and resource-oriented activities such as hydropower,
sustainable forestry products, and bicfuels.

Turning to the association of metro concentration with
growth, the sfory is even more striking. Looking at the vears
2003 to 2010, the segments that started the period as more
concentrated in metros grew significantly faster-roughly 17
percentage points faster annually for every 10 percentage
point increase in the share of jobs in large metros. None
of the five siowest-growing segments over the period—
water efficient products, hydropower, green chemicals,
appliances, and energy-saving consumer products-were
disproportionately concentrated in targe metros in 2003. By
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contrast, of the five fastest-growing segments from 2003

7. The clean economy permeates ali of the nation's

to 2010, enly the tiny carbon storage and
segment (which employs technologies like carben capture
and sequestration) started off the period with fewer than
70 percent of its jobs in one of the 100 largest metro-
poiitan areas.

The connection between fast growth and metro
concentration is not surprising, meanwhile, As discussed
in Chapter #, large metros disproportionately claim many
of the assets and resources companies need to succeed,
such as educated workers, infrastructure, top-research
universities, and venture capital financing Likewise,
younger, rmore dynamic companies often start in large
metros before moving out to less populated areas, once their
production techniques are refined, 1o take advantage of
lower costs’®

areas but it manifests itself in varied
contigurations. In this respect, the clean economy exists in
every region, in part because of the ubiquity of such basic
clean economy activities as wastewater management, public
transit, and environmental reguiation. And yet, for all of its
pervasiveness, the clean economy varies widely in size and
shape. Most notably, because many of its companies are
exporters and have adapted to varied market and policy
dynamics, the clean economy is spread unevenly across
U.S, metropolitan areas.

Eengsdayiment fevels amnd segment diversity

in terms of population, New York and Los Angeles are
the nation's fargest metropolitan areas. Accordingly, they
also possess the most clean economy jobs: 152,000 and
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89,600, respectively. Chicago comes in third with 79,388,
Washington has the fourth most clean economy jobs with
70,828, followed by P phia and San F each
with over 50,000. Atianta, Boston, Houston, and Dallas
round out the top 10,

These large metros have very different profiles,
New York and Washington are uniquely specialized in
public-goods providing segments. In the former, over
50 percent of the metro's jobs come from public mass
transit and waste management and treatment. in
Washington, roughly 48 percent of the jobs come from
conservation and reguiation and compliance activities. By
contrast, in nine highly diversified metros, including Atlanta,
Boston, Dallas, and San Francisco, less than 30 percent of
the metros’ jobs reside in the two largest segments.

Generafly, large metros are extremely diversified in their
segment concentrations, meaning that the share of clean
economy jobs coming from each segment is relatively small

Cigan Esonomy
Share of A1 Jobs
Q7 ~ 1.3 percent
13 <L percent
17 -1.9 percent
& 19~ 2.5 percent

& 25-6.3percent

This is especially true of Atlanta~the most diverse clean
economy with strengths in segments like smart grid, water
efficient products, appliances, and architecture~but aiso
Milwaukee, Boston, Seattle, and San Francisco. Milwaukee
is strong in water efficient products and batteries; Bosten
establishments are disproportionately represented in
such varied domains as improved coal technology, waste-
to-gnergy, solar PV activities, pollution reduction, HVAC
and building control systems, fuel cells, and professional
environmental services. Seattle's jobs cut across renewable
energy services, green architecture, smart grid, and forestry
products, for its part, San Francisco is 8 center for smart
grid development but specializes as well in temperature
controt equipment, solar PY, electric vehicies, architecture,
environmental research, solar thermal, and remediation.
Assessed by their orientation to the clean economy
(measured by clean jobs as a share of total jobs), many of
the clean economy’s regional focal points are mid-sized
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metros. They include six state capitals, which is fargely a
function of the outsized rofe played by the public sector in
maintaining environmental health. The Afbany region, for
example, has the targest share of local jobs (6.3 percent)in
the clean economy of any large metro nationwide. As both
a state capital and a home to GE dating back to Thomas
Edison’s tenure, it has a massive presence in wind-related
activities, battery technologies, professionat energy services,
fuel cell development and production, and requlation
and compliance-its largest segment, it is also over-
represented in hydropower, remediation, conservation, and
environmental research among others.

Among clean economy intensive locales, Atbany is
followed by Knoxviife, with 4.9 percent of its jobs in
the clean economy, and then two state capital regions,
Sacramento and Harrisburg, which have clean jobs that
stand at 4.5 and 4.0 percent, respectively, of total jobs.
With over half of its jobs coming from just one segment—
professional energy services-Knoxvitie has one of the least
diversified clean sectors in the nation, largely because Oak
Ridge National Laboratory has such a major presence, As
the seat of a farge state government, Sacramente's ciean
economy is largely composed of the public conservation and
regulatory sector, and yet it also has a sirong presence in
professional environmental services, recycling, and public
mass transit. Harrisburg is simitarly weighted towards the
public sector but as home to Three Mile island aiso has a
large number of jobs in nuclear power.

Toledo and Madison represent the Midwest in the top
10 most clean-oriented major metros, while Greenville, $C;
Litte Rock, and Raleigh comprise the strong southern
contingent. Toledo has the third-highest percentage of
private sector jobs in the clean economy, at 3.7 percent.
Solar PV is a teading segment along with fuel cells, battery
technologies, regulation, green chemicals, green consumer
products, sofar thermal, and nuclear energy. Greenvilie, SC
is similar to Afbany in its strength across a number of clean
technologies, including wind, etectric vehicles, tighting, and
water efficient products. Little Rock gathers a large number
of jobs in green consumer products as well as electric
vehicles, while Raleigh has a disproportionate number of
fobs in training, smart grid, poltution reduction, regulation,

and architecture and construction services. Chattanooga,
finally, as another strong southern performer, has over 1,000
jobs in each of three major sectors—green building materials,
nuctear energy, and hydropower—white housing a smaller but
stili disproportionate coterie of jobs in geothermal, battery
technologies, and wind.

Famstovmeant growth

Emptoyment growth also ranges widely. In 53 of the

nation’s 100 fargest metros, establishments in the clean
economy added jobs at a faster clip than those outside of

it fram 2003 to 2010.® Clean economy establishments in
Knoxville, Raleigh, Des Moines, and Little Rock registered
the fastest growth of all large metros with annual growth
rates above 10 percent. Growth in Knoxvite was fueled by
the professional energy services segment and Oak Ridge
National Laboratory. In Raleigh, job expansions were largely
attributable to the government and pubiic transit segments,
with small contributions from smart grid and a few others,
in Des Moines too, the public sector, via conservation, drove
growth, along with waste management, On the other hand,
green consumer products provided the bulk of job growth in
Little Rock. For Albany, which had the fifth-fastest growing
clean economy amaong large metros, gross job expansions
were almost evenly shared between requlation and
comptiance and the region’s strong wind presence.

On the opposite end, Grand Rapids lost clean economy
jobs most quickly from 2003 to 2010, Even excluding
potential job tosses from closing establishments, it fost 91
percent of its clean economy worktorce annually (a loss
of nearly 50 percent over the entire period). Much of this
came from thousands of tayoffs in green consumer products.
These devastating losses were only somewhat offset by
solid job gains in the HVAC and building controls systems
segment and organic farming and food processing. San
Jose, surprisingly, considering its innovation prowess, was
ranked 95th amongst large metros on job growth in the
clean economy from 2003 to 2010, Massive losses-adding up
to thousands of jubs in lighting and energy-saving consumer
products—outweighed the substantial job gains in the wind
and solar PV segments. Job losses in New Orfeans’s non-
tradabie segments—namely public mass transit and waste
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management-could be attributed to decreased demand metros, while newer fast-growing ones tend to be located

from poputation declines. These Josses were not fully offset inside them.

by gains in remediation and professional environmental ©On the one hand, the nation’s clean economy export

services. achivity occurs most intensively in locations outside the
nation's 100 largest metros, which produce just 55 percent

Exports of U.S, clean exports despite containing 65 percent of the

Turning to exports—domestically produced goods or services  population. According to Brookings estimates, the three

soid to foreign markets—the ciean economy exhibits a segments that generate the most exports by value are green

distinctive geographic pattern. Older clean exporting chemicats, biofuels/biomass, and organic food and farming,

establishments tend to be located outside of large These are ali disproportionately non-metropolitan.
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And yet, much of what is exported from outside of these
{arge metros appears to be fong-standing, more traditionat
commaodities rather than new technologies-with the
exception of biofuels, Approximately tworthirds of growing
exporters, on the other hand, are located in one of the 100
fargest metropofitan areas.” The newer exporting clean
economy, therefore, is disproportionately happening in and
around the nation's largest cities,

What mietros export the most? With an estimated
$2 bittion of clean economy exports per year, Chicago
is the nation’s fargest metropolitan exporter of ctean
technologies, goods, and services, The metro has seven
segments that export over an estimated $100 million per
year, the targest of which is energy-related professional
services, Most of this segment’s $500 milfion in annual
exports are from a single large diversified company that
does, among other things, energy efficlent engineering
research in the petro-chemicals industry. HVAC and bullding
controt systems is the second largest exparting segment in
Chicago, followed by biofuels, green consumer products, air
and water purification technotogies, green chemicals, and
organic food,

Los Angeles, New York, Albany, and San Francisco also
contribute over $1 biton per year each to the clean export
economy. Los Angeles’s leading exports are in organic food,
green building products, green consumer products, recycled-
content products, and water efficient products. New York's
exports consist fargely of green consumer products, organic
food, professional environmental services, and recycled-
content products, in Albany, wind energy dominates.

San Francisco exports clean products from a more diverse
group of segments, including HVAC and buiidings controt
systems, professional enerqy services, and electric vehicles.

Greenviife and Little Rock also emerge as surprisingly
strong exporters, both falling in the top 15 on total value of
exports. Moreover, they are the two most export-intensive
clean ecopomies of all the large metros, based on the total
vafue of exports per job. Roughiy two-thirds of Greenvifle's
clean economy exports are derived from wind turbine
manufacture, but substantial contributions afso come from
electric vehicle technologies and building products. Little
Rock aiso exports electric vehicles but derives most of its
cfean industry earnings from green consumer products,
which grew robustly over the period, Other export-infensive
metros inchude Wichita, a major exporter of bicfuels;
traditional manufacturing hubs tike Cleveland and Grand
Rapids; and jogistic hubs like Memphis, Louisville, and
Cincinnati.

Coeupations
For every large matropoiitan area except one (Knoxvitie),
the majority of clean economy jobs reside in mid-wage
“green colfar” occupations, meaning those with moderate
wages and aducational requi in
praduction, instalfation, maintenance, transportation,
construction, social services, office support, or protective
services. In 10 of the 100 fargest metropolitan areas,
maoreover, these jobis represent at least three-quarters of alt
clean economy jobs based on Brookings estimates, Almost
four out of five (78 percent) clean economy jobs fall in the
green collar category in Augusts, GA, the nation's most
“middle-job” oriented clean economy, with most of the
relevant occupations lying in construction (26 percent
of att occupation), and farge shares in transportation
(14 percent), office administration (13 percent), and
production (13 percent). Other heavily green colfar
metros offer different configurations, Green collar jobs in
Dayton, Colorade Springs, and Salt Lake City are heavily
weighted towards transportation (26, 29, and 26 percent
respectively). The largest share of Loulsville's (37 percent)
and Chattanocoga's (27 percent) green collar jobs are in
production,

Because green collar jobs are abundant within the clean
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they arguably hold out the richest opportunities for low-
skilt workers in the clean economy., In fact, in every one

of the 100 targest metros, the majority of clean economy
jobs are available to workers without a coliege degree—and
most are in mid-wage green collar occupations, Modeste,
with a disproportionate number of jobs in organic food

and farming, stands out with the highest share of jobs
avaifable to non-coliege graduates (82 percent). Stockton
(81 percent) has a simitar profile. Augusta, GA (81 percent),
with high job stares In remediation and nuclear enargy,

is the second most non-college graduate-friendly clean
economy. Rochester (81 percent) has a high percentage of
jobs in public transportation. Grand Rapids and Loulsviile,
by contrast, are heavily concentrated in the manufacturing
segments iike appliances. Grand Raplds also has large

job shares in green consumer products and wind, while
Loulsvitle gets a large share from air and water purification
technology.

At the other end of the spectrum, Knoxville, Aibany, and
Harrisburg offer the lowest percentages of clean economy
jobs requiring less than a college degree amonyst large
metros {with shares of 56, 66, and 68 percent respectively).
For Harrisburg, this is primarily due to the large public
sector presence. For Albany, a large public sector and job
concentrations in professional energy services and fuel
cells raise aducationat and scientific skill requirements.
Knoxvifte, in fact, has the highest percentage of science and
engineering-refated occupations amongst alt large metros
{34 percent). Las Vegas, with its many green architects is
second on that measure {24 percent), while San Francisco~
through architecture and professional services—is thirg
{22 percent).

To put it alt together, at least four rough types of
regional clean economy can be discerned amid much
variation and local distinctiveness, One sub-set of regional
clean economies appears to be dominated by services—
transportation, professionat services, construction,

in waste m. and it

These metros are more fikely to have grown rapidly over-
the last seven years and include fast growers tike Knoxviile,
San Diego, Hartford, Orlando, Honotuly, Las Vegas, and
San Francisco. Another significant group of metropolitan
clean economies appears heavily engaged in
manufacturing. These metros had mixed growth rates~
depending on the particular mix of their segments and

peciafizati buf alf export i y and provide
plentiful green collar opportunities. Among these metros

economy and pay relatively wefl for their skilt requil 3

reside nu 3 nand Southern metros such
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as Grand Rapids, Greenville, Louisville, Memphis, Little
Rock, and Cleveland, but also San Jose ocut West. On the
other hand, the pubtic sector supplies roughly half of
clean economy jobs in state capital metros like Harrisburq,
Sacramento, Raleigh, and Des Moines, helping these areas
score highly on clean job intensity. Finally, a significant
number of diverse metros exhibit fairly batanced profilfes
across the major industry groupings, This array of multi-
dgimensional clean economy centers includes Atlanta;
Stockton; Portland, OR; Providence; Sait Lake; Detroit; and
Los Angeles, In short, the clean economy pervades all of the
nation’s metropolitan areas but it manifests itself in many
different configurations.

8. Strong industry clusters boost metros’ growth
performance in the clean economy. A final finding
pertains to the role in economies of industry clustering-
geographic concentrations of interconnected firms often
accompanied by supporting or coordinating organizations.
in this connection, it turns out that establishments in the
clean economy add jobs markedly faster when they are
tocated near peer establishments in the same county and
same segment. To be precise, doubling the size of a clean
economy cluster~the number of same-segment jobs in
a county-increased job growth of establishments in the
cluster by roughly 2.1 percent from 2003 to 2010, holding
all else equal in a model tested here and discussed in the
external methodological appendix.”® in 2003, for example,
jobs in clustered establishments represented 16.6 percent
of al} clean economy jobs. By 2010, that share increased to
19,0 percent.” These findings are consistent with volumes
of academic work showing that clusters benefit economic
performance in a variety of industries ®

The benefits of peer proximity are reinforced and
magnified in large metros. The average clean economy
establishment in a large metropolitan area is located in the
same county as 1130 other jobs in the same segment. By
contrast, the county level of exposure to same-segment jobs
was just 190 for clean economy establishments outside of
the 100 largest metros. That difference in peer proximity
is worth 5.5 percent higher job growth annually over the
seven-year period ending in 201C, holding ail else egual.® in
this respect the clean economy is like most industries where
new, fast-growing firms disproportionately emerge from
targe metro agglomerations.?

The findings above use a "continuous” definition of
clusters based on the size of other establishments in
the same segment. However, an alternative "binary”
definition can be emploved to compare clustered to isolated
establishments. For these purposes, an establishment had
to be located in the same county as at least 1 percent of
national jobs in its segment to be considered clustered.

Other definitions were used, which obtained simitar
resuits, but the 1 percent definition proved to be the
strongest predictor of job growth. With this definition,
clustered establishments grew at a rate of 4.6 percent
annually from 2003 to 2010, while isolated establishments
grew at a rate of just 3.2 percent.® This definition gives
farger counties an advantage but that advantage appears to
be justified: As discussed in the external methods appendix,
the benefits from clustering are robust to controls for
county-size,

At the metropolitan level, the analysis was restricted to
establishments in the tradable or export-oriented segments
of the clean economy. This excluded all nine segments that
export less than $4,000 per worker on average.®

In 13 of the fargest 100 metropolitan areas, at least
20 percent of clean economy establishments are embedded
in clusters—as defined above as proximity to at least one
percent of U.S. jobs in an export-oriented segment. By that
standard, Houston provides a clustered environment for
74 percent of its clean economy establishments-the highest
percentage for the nation’s 100 largest metropolitan
areas. In fact, in nine of its segments, at least 75 percent
of the establishments are clustered. These segments are:
renewable energy services, geothermal, green architecture
and construction services, professional energy services,
energy-saving building materials, wind, professional
environmental services, HVAC and buiiding control systems,
and biofuels/biomass. They range from as few as two
establishments (in the small segment geothermal) 10123 (in
professional environmental services).

Clean establishments in metropolitan Los Angeles
are also exceptionally clustered, with 73 percent of
establishments meeting the cutofi. Here, six segments
are completely clustered: energy-saving consumer
products, solar PV, poliution reduction, organic food and
farming, green architecture and construction services,
and professional environmental services. Another eight
segments in Los Angeles cluster at least 75 percent of
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Figure 6, Metro Area Establishment Clustering, 2010
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and which is already nearly half the size of the nation's
formidable IT industry.

architecture and construction, pr
services, organic feod and farming, sustainable forestry
products, wind, and smart grid. Metropotitan Pittsburgh
with a clustering rate of 36 percent~has highly clustered

egments such as pr services,
wind, pollution reduction, and solar thermal. The Baston
metropolitan area clusters roughly 30 percent of its
establishments in segments like fuel cells, green architecture
and construction, solar PV, professional energy services, and
energy-saving consumer products. By contrast, Litte Rock's
green consumer product makers are highly clustered while
no other segment is.

Undter this strict 1 percent definition of clusters, 37 targe
metropolitan areas completely Jack clustered establishments.
Many of these have focation guatients above one for various

indicating a disproportionate number of jobs in
the segment relative to the United States~but these jobs
fargely come from a single large establishment or are spread
out in different counties within the metro, The metros
have proven that they have the workforce, infrastructure,
or business climate o sustain successiul clean economy
companies and yet they haven't been able to fully generate
the benefits of a densely clustered network of similar firms
in any one segment.

envir

in short, the measurements and trends reviewed here
offer a mixed picture of a diverse array of industry segments
that is in many places making significant progress despite a
very difficult economic and poticy environment.

On the positive side, the data depict a modest-sized but
widely distributed set of industries that already employ
more peopie than the fossil fuels and biotech industries

SIZING THE CLEAN ECONDMY | IV, MEASURING AND TRAC

d aggregate growth created nearly half a mififon
new jobs in the years between 2003 and 2010 and some
“hot” segments-high-flving renewable energy categories fike
wind energy and solar PV-doubled and tripted In size (albeit
from smalf bases),

What is more, the data make clear that the clean
economy is producing an array of positions useful to the
nation's need to renew its economic base. Clean economy
jobs are inordinately oriented toward manufacturing and
exporting. Likewise, they offer an attractively balanced
array of jobs and occupations, with substantially more
opportunities and better pay for lower-skilled workers sleng
with many positions in fast-growing "innovation” fields.

And yet, it must be said that the clean economy remains
at present more an aspiration than a large center of
present-day employment. A fraction of the size of the health
industry, the U.S, clean economy remains smait where it
is fast-growing and relatively stow-growing on balance, as
defined here. Moreover, the green economy encompasses~
atong with its newer, smalfer, expanding private-sector
frms-significant numbers of mature or public sector
establishments that will not likely vield substantial growth in
the future.

QOverall, then, the clean economy in the U.S, and its
regions shouid be deemed a diverse, multi-layered complex
of both established and innovative pursuits, the ofder
of which are important but sometimes mundane while
the newer ones are frequently dynamic, emergent, and
potentialty transformative.
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entrepreneurship, numerous clean economy
industries—particularly in the cleantech space—-
have emerged from the recent financial crisis
and are progressing rapidly along relevant

technology, cost, and employment measures.!

As a result, near double-digit annual growth in key
segments and in key regions really does point to the
possibitity of the clean economy generating significant
numbers of jobs in a variety of emerging globai industries,
whether it be cutting-edge renewable energy solutions and
improved energy efficient building systems or integrated
systems for water purification and environmentat
remediation.

And yet, notwit] the lack of ¢ CrOSS”
national data in this report, serious questions surround the
relative size and growth rate of the clean economy in the
United States compared to in other countries,

Bloomberg data on the renewable energy sector depict a
massive, growing shortfall between 11.S, and Chinese asset
financings—that of hard infrastructure tike sofar arrays, wind
farms, or cetlulosic ethanol refineries, which represent the
most tangible form of industry scale-up.?

Likewise, while the nation still runs an overali trade
surplus in environmental technologies on the "green” and
“hiue” side of the clean equation, U.S. firms are losing
market share both at home and abroad to competitors from
other nations.®

Figure 1, LS. and China Clean Energy
Asset Finance
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Al of which raises the question of what governments and
regional feaders should do-if anything-to catalyze faster,
broader growth across the U.S, clean economy.

To be sure, the private-sector-influenced by local and
world technology and market dynamics-will play the lead
role in driving growth.

Much as they did in past waves of economic change,
private jnitiative and private capital will do the fion's share
of the work of turning ideas into business concepts and
business plans into large-scale market breakthroughs.

In that sense, private-sector firms can and will step up
with their own responses to environmental, security, and
economic opportunity, whether by greening their ongoing
business processes as Wal-Mart has because it reduces costs
and appeals to customers, or moving as Geogle has done to
build critical infrastructure with its plan to help construct 8
$5 bitfion underwater transmission line for future wind farms
off the Atlantic coast, or collaborating to promote urban
sustainability as & consortium of Charlotte businesses has
with its Envision: Chariotte effort.? Private decisions, in this
regard, will ultimately determine the size and impact of the
clean economy in America and its regions,

However, the success of the private sector in delivering
the clean economy will also depend on the existence of well-
structured markets, a favorable investment climate, and a
rich stock of cutting-edge technology-all matters shaped to
a varying extent by government.

Irthis connection, the complication of virtuaily every
segment of the clean econemy-whether it be the water
and wastewater industries or the energy segments~with
& profusion of fundamental market flaws and institutional
problems alone arques for a government role in unleashing
greater market activity.

Likewise, the fact that significant policy uncertainties are
likely depressing investment in the ciean economy reinforces
the need for engagement and reform, After all, neither
entrepreneurs and companies, nor investors wili commit
targe sums of capital to clean economy enterprises in the
absence of a predictable policy outline.

And 50 it is clear that before truly vibrant private-sector
growth and scale-up can occur In the clean economy super-
sector there must be in place a clear, supportive, and stable
policy outline that:

Fosters demand and structures a vibrant
domestic market

= Ensures the avalability of adeguate finance
Promotes innovation

At the same time, it is essential that supportive
conditions exist that:

= Keep the focus on regions

The regional buitd-out of the clean economy matters
pecause locaf markets and regional industry clusters are
where the clean economy actually takes place. Regions, after
all, are the prime site of the day-to-day interactions by which
real companies in reat places develop new technologies, start
new businesses, hire workers, and grow.

To that end, this report points {o three critical areas of
needed engagament-as well as the need to put regions at
the center of future efforts~as Americans weigh how to
advance clean economy growth at a time of global challenge.

in each case private sector-led growth needs to be co-
promoted through complementary engagements by alf levels
of the nation’s federat system.

A first priority for unleashing clean economy growth must
be to catalyze stronger market demand for clean economy
goods and services.

Vibrant domestic market is critical because strong
demand-or the expectation of strong demand-~in a large
and growing domestic market signals opportunity, attracts
investment, and induces incremental innovation® Over time,
the presence of strong and steady domestic demand allows
firms to scale up steadily and rapidly, lower their costs, and
manufacture at home. Uitimately, strong and discerning
domestic demand furnishes a route to globat leadership.®
And yet, the hard fact is that the United States does not yet
boast strong demand for clean economy goods and services.

The problem: Pelicy gaps and uncertainties are
depressing domestic demand

An array of pelicy gaps and uncertainties currently weaken
the U.S. clean economy market. Some of these problems
pervade almost the entire clean economy; others apply

only to narrower portions of it, such as the clean energy
segments encompassing energy efficiency and renewable
energy or the water industry” In any event, these market
policy problems pose significant challenges to scating up the
clean economy.

To begin with, the tack of a coherent carbon pricing
system places clean economy goods and services in the
categories of energy and resource efficiency; greenhouse
gas reduction, environmental management, and recycling:
and renewable energy at a serious price disadvantage-which
weakens demand for almost three-guarters of the clean
economy. Absent such a price signal, clean economy goods
and services remain relatively more expensive than they
would if the harmful externalities of coal, oit, and other fossil
fuel use~which range from greenhouse gas emissions and
other air poliutants, to adverse health impacts such as lung
disease and infant mortality to national security costs-were
factored in." As a result, the incentive for bath households
and businesses fo buy clean goods and services and for the
private sector to develop them is reduced.?

Spotty public-sector procurement efforts are another
issue~missed opportunities for governments, as early
adopters, 10 help create the market for clean economy goods
and services. Given that the federal government purchases
$500 bitlion in goods and services annually (states and
local governments spend an additional $400 billion),
occupies nearly 500,000 buildings, and operates more
than 600,000 vebicles, the procurement of clean energy
products and services, green buildings, and environmental
remediation services represents an enormous opportunity
for government supply chains to create and drive the market
for clean economy growth.® Unfortunately, public sector
procurement efforts remain limited and fragmented for a
variety of reasons, including inadequate information on
the environmental impacts and benefits of products and
services, a fack of common standards for defining “green,”
real and perceived cost barriers to buying green products,
and market and technical uncertainties about their benefits

Inadequate access to low-cost end-user financing for
energy efficient (EE) retrofits and renewable energy (REY
installations stands as another hurdle to unleashing strong
market growth, Low-carbon solutions—whether for instatling
water-efficient products and solar panels or undertaking
deep whole-home retrofits-remain inherently capital
intensive, with "first cost” investment barriers having proven
difficult to overcome.® Therefore, it is unfortunate that while
a variety of policy responses have been attempted, they have
remained fimited in scale, whether the mechanism be direct
incentives such as grants and rebates; federal and state
tax credits; or such finance instruments as revolving loan
tunds, utility on-bili financing, energy savings performance
contracting, and property assessed clean energy (PACE)L®
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Even these programs may now be threatened given current
state budget shortfalls and the looming ARRA funding "cliff,”
by which hundreds of mittions of doliars in stimulus programs
for clean energy projects wili soon wind down

A series of structural and reguiatory barriers in the
electric power and water sectors also impede the adoption
of clean technology solutions, Quasi-monopolistic and
heavily regulated, electric utilities heavily intermediate
consumer markets and demand, and do so with @ mandated
bias toward the least-cost, feast-risk solutions. That means
that these powerful incumbents have until recently been as
slow to draw in renewable sourcing as they have been to help
customers save electricity (both of which would elevate the
demand for clean solutions). Similarty, the slow introduction
of competition and deregulation into the drinking water
and wastewater sector has led to a “safe and slow” mindset
and a bias towards using conventional, famitiar systems and
technologies rather than innovative new ones™®

Finaily, two policy problems that directly atfect market-
making in the renewable energy segment are worth noting.
First, the fack of a national clean or renewable energy
standard-a binding law that would require that utilities
acquire a percentage of their electricity from renewable
and other clean energy sources, perhaps including
enargy efficiency-has likely depressed demand for clean
sofutions, Even though the country has experimented
with such standards at the state level with some success,
it has not maximized their potential by developing a fully
national market with the associated economies of scale
that would help renewable energy technolfogies become
cost-competitive.® The second problem afflicting this
sector pertains to the efficient delivery of clean energy
to metropolitan consumers which hinges on the existence
of adequate transmission capacity to defiver the enerqy.
Here too a welter of policy problems involving the planning,
financing, siting, licensing, and building of transmission lines
has contributed to delivery “bottlenecks,” and rendered
the current transmission line development system “close to
dysfunctional.’”

Overall, the combined effect of these policy gapsis a
greatly weakened demand for clean ecanomy goods and
services and delays in the emergence of a vibirant, robust
market in those products.

The strategy: Improve market access

and demand

in view of these problems, a number of policy responses
orn the part of federal, state, and local leaders could help
unteash more vibrant demand in the U.S. domestic market,
essential for supporting innovation and exports.

in more expansive times, the federal government
might take the lead in creating market making conditions
through smart policy interventions with the states playing
a collaborative and active role in reinforcing clean economy
market creation. ideally, Congress would put a price on
carbon pollution to stimulate demand for clean products
and raise revenue for needed RD&D investments. Or it
might pass a hationat clean energy standard (CES) that
creates a “floor” rather than a “ceiling” for state standards
and insists on substantial renewable energy use to bring
consistent, large-scale demand to clean efectricity markets’®
Or for that matter, Washington could establish a series of
clean economy “Races to the Top™ to spur states, utility
commissions, and regions to devetop and execuie bold clean
energy deployment plans or to accelerate the deployment
and uptake of new and cleaner generation technotogies.”
{For a particularly bold nationat effort at market-making, see
the sidebar on Germany's use of feed-in tariffs),

Unfortunately, however, such moves do not appear
forthcoming in Washington, And yet, if "game-changing”
major steps are not likely, progress actually seems possible
on other important fronts in market-making.

At the federal level, redoubled efforts to employ
government procurement-especially feveraging and
reorienting the Department of Defense’s vast purchasing
power toward cleaner energy sources—as a source of
stable demand appear possible via executive order and
congressional action.? Similarly, progress on appliance
and equipment energy efficiency standards ought to be
possible in Congress and would save consumers money even
as they ensured a strong domestic market for energy and
water efficient products and services. And for that matter
the Federa! Energy Requiatory Commission (FERC) might
well manage to institute regulatory adjustments to ensure
more rational cost recovery on new transmission links
needed to deliver renewable and other energy to urban load
centers.?
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States, on their part, can continue to play a critical role
in inducing demand for clean economy gooeds and services.
In this respect states have long ted the nation in catalvzing
market demand for clean goods and services. They have
addressed this in multiple ways, ranging from thelr muiti-
state experiments with carbon pricing and thelr frequent
RPS statutes to thelr energy efficient bullding codes and
renewable fuel standards to their innumerable rebate and
incentive programs, tax credits, and other programs aimed
at reducing end-user costs.® Nonetheless, tremendous
opportunities exist for states to accelerate thelr involvement
in the market-making front.

To start with, states should buiid on their past leadership.
Whether or not a national CES becomes a reality, states can
Iincrease the demand for clean electricity by strengthening
or clean energy These
standards have worked well in increasing clean energy
depioyment and boosting local economies.® Therefore,
states that have established CES or RPS rules should
consider ratcheting up their targets for utilities while the 15
states that lack a target should consider implementing one.2®

Simifarly, states shoukd step up thelr own procurement
efforts, through which they can at once drive significant focal
demand for green and clean products and services even as
they achieve cost savings across their faciiities, operations,
and fleets, One way to do this wouli be by establishing
a comprehensive framework to underpin state-wide
procurement policy, which would altow both for scaling up
preexisting efforts and achieving economies of scale across
programs while generating more demand for clean, green,
and new sourcing.” And for that matter states should further
drive demand by continuing {o work on reducing the initial
cests of EE and RE Investments for residential, commercial,
industrial, and institutional customers, This has been an
important past role of the states, which should now jrnovate
again as they design and implement a new generation of
creative financing mechanisms that overcome first cost
barriers, leverage private with public capital, and create
financial products adapted to each distinct target sector™

Finally, electricity market reform represents a
significant market-making opportunity for states. Here too
states can institute a range of reforms from developing
regulatory strucfures to promote utility investment in clean
energy programs (e.q., through program cost recovery,
revenue stability, and performance-based incentives) to
establishing uniform interconnection requirements for
connecting distributed generation applications to the grid.
More fundamentally, states should consider moving to the
more transparent, competitive, and fiexible mode! in which
independent system operators (1S0s) or FERC-approved
regional transmission organizations (RTOs) administer the
planning of new infrastructure and the pricing of wholesale
electricity, in addition to its rofe in lowering prices, the IS0/
RTO model is more conducive to ¢lean energy because the
market shares generation and transmission over a larger
geographic area and harbors fewer conflicts of interest
in expanding capacity to accommodate new renewable
generators or in allocating costs to market participants.”

Yet those are only federal and state engagements,

Local governments and reglonal actors across the nation
can also play a role in generating more robust demand for
goods and services within the clean economy sector. This
they can do in a muititude of ways. Local governments

can accelerate renewable gnergy use by buying renewable
energy for public bulldings, expediting permitting for
projects, reusing contami lands~such as br i 3
tandfills, and Superfund sites~for renawable snergy projects,
and adopting financing tools such as PACE and power
purchase agreements,® Local governments can aiso adopt
green bullding policies and ordinances for new buildings
while creating retrofit programs for existing buildings.? And
for that matter, local governments can improve the fuel
efficiency of fleets servicing their community which will
drive the demand for clean vehicles and clean fuels from
the bottomn up. Local governments can also step up to the
chatlenges posad by climate change by setting targets
and drafting climate action plans to reduce greenhouse

gas emissions. ™

Figurs 2, Many federsl clean soonomy tax and refeted Incentives axpire in the next few yoars
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Figure 3, Mulliple Hinance gaps somptivate the

Seuree; Bloansberg New Energy Finance

Market-making polivies wor't be enough, however A second
priority must be fo address the serious finance problems
that surround clean economy scale-up,

On this front, the avallability of affordable capitat of the
right scate and with the right toferance for risk is essential
to all companies. Access to affordabie finance matters
inordinately in the clean economy because promising
clean enterprises~whether in renewable epergy or energy

fe-up of clean technologles

Death-maost notably the DDE's Loan Guarantes Program
as well a5 a variety of federai and, in some cases, state tax
credits, Unfortunately, though, multiple problems weaken
the ability of these programs to draw private money into
deployrnent and clean economy bulld-out,

The Loan Guarantee Program—~which backs private foans
o promising ¢ tes with new technoiogies—has been
criticized as too slow-moving, too much engaged in “picking
winners,” as well as too conservative.® On the fatter point,
industry teaders, innovators, and analysts say that the
prograny's requirements remain so stringent and prudent
that they effectively replicate private-sector risk aversion~
the problem the program is meant to address.

As to the tax credits, these remain unstable~and are

efficiency or water technology or air purification—often draw
together intriguing but new technology, unusuaily heavy up-
front capital requirements, and tricky regulatory or markel
settings.® Yet here again, the nation's current patchwork of
responses to clean economy finance needs-aspecially in the
energy field~remains sub-optimal and requires atlention,

Investors and deals require cerfainty, or at
teast predictability, about the terms and timeframe of the
investment. However, U.S, deployment finance policy on the
ctean economy has been neither certain nor predictable
{See Figure 23 Cases in point are the federal Production
Tax Credit (PTC) and the investment Tax Credit (TC) which
hava been alfowed to lapse before being granted short-

The problem: Resp to the deploy
finance gap remain inadequate

On this front, the entire development chain through which
clean gconomy goods and services are invented, proven,
deployed, and scaled-up commarcially is beset with finance
challenges—chalienges that have been thrown into refief by
the massive recent clean energy investments of state-owned
Chinese banks.® And vet, while significant attention over
the years has focused on earlier-stage R&D and proof-
of-concept chaltenges (the technology creation “Valley

of Death”). larger finance problems located at the later
stage demmonstration and deployment stage of the growth
pathway now cry ouf the most for response~and yet remain
unresofved.

The core issue is that a truly gargantuan “commerciali-
zation {or deployment) Valley of Death” now exisis between
the earlier R&D / technology proving stage and fuli-scale
commercial rofi-out, whether in energy or in other areas.”

At the earlier stage, government ressarch dollars and VC
capital are still managing to generate good ideas and provide

ntrepreneurial start-up ¢ fes with i
ranging from a few mitlion to $20 million. At the very
igtest stages, traditional project finance and bank lending
{ranging from perhaps $100 million to billions) is available
for building out large, asset-based instaliations applying
proven technology—whether it be a utility-scale solar array
or @ 50 million galton cefhuiosic ethanol plant. However, in
the intervening chasm~between the initial proof of concept
that a VT can fund and the full-scale commercial rolbout
typically financed by banks—few sources of capital exist for
puitding critical initiat pilo! plants or scating up advanced
manufacturing facilities.

For which reason, a number of federal and 1o & lesser
extent state initiatives have been set up to address the
investment cb of the commercialization Valley of

term multiple times. In fact, this unstable,
onragain, off-again instability has affected multipte other
important finance programs such as the EPA's Brownfields
Tax Incentive.

Yot now things are poised to get worse, Most notably,
the wind-down of ARRA's multiple provisions combined with
other "sunsettings” of multiple tax code programs promises
not Just more “staris-and-stops” but a fot of "stops.” A review
of caming changes confirms, for example, that multiple clean
economy-refated tax provisions will expire by the end of 201,
inctuding the Brownfiefds Tax Incentive, the Energy-Efficient
Appltance Manufacturing Tax Credit, the Energy-Efficient
New Homes Tax Credit for Home Builders, the Section
1603 Treasury Grant, and the Section 1705 Loan Guarantee
Program. Gther clean economy incentives such as the PTC
for wind energy projects and the Clean Renewabie Energy
Bonds (CREB) program are set to expire by the end of 2012
{PTC for other guaiilying projects end in December 2013},

in short, the whole rickety structure of the nation's
main federal responses o the finance challenges faced by
the clean economy faces a moment of reckoning-this at &
time when the states’ own engagaments in clean economy.
finance also face resource shortfalls and rarely have the
resources to address firms’ later-stage need for farge
amounts of capital to support commercial-scale deployment,

The strategy: Address key finance gaps
Given these chaflenges, effective mechanisms need to
be designed al all fevels of the American system to draw
in private capital and ensure the availability of adequate
finance for clean economy scale-up.

To this end, the single most catalytic action that
could be taken to advance the scale-up of new clean
economy manufacturing and infrastriscture coutd well
be focused action by Congress to create an emerging
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technoelogy deployment finance entity to address the
commercialization Valley of Death, {For China's aggressive

paralie} actions seg sidebar),

To be sure, debates persist about the exact design of
such a new entity, However, several sound models appear
promising, including the proposed Clean Energy Deployment
Administration (CEDA), which would provide ioans, foan
guarantees, and other credit enhancements to facilitate less
expensive lending in the private séctor; and the so-caltéd
Energy Independence Trust (EiT) concept developed by the
Coatition for Green Capital, which would also expant! access
to tow-cost financing to increase investment and lower the
cost of deployment. Still ofher concepts being explored by
the Coalition for Green Capital afid the New England Clean
Energy Councit would channe! stranded off-shiore capital
into U5, clean economy scaleug through & gualified tax
cut® Either way the political moment~concérned about
{arge scale deployment in Chinal Trustratéd with the DOE
loan program-appears surprisingly ftavorable for
what would actually be a cost-efféctive initiative with large
returns. CEDA requires a $10 biliion appropriation to catalyze
a self-sustalning How of private-sector finance for innovative
deployment projects, The EIT, dimed at commercial-scale
deployment of more mature technologies, would be
authorized to borrow from the Treasuly and repay the loans
and so would require no appropfiation. iy both cases, any
up-front costs could be paid off ffom-a share of the revenue
stream-making the programs virtually costiess to taxpayers.
For their part, the capital répatriation schemes would cost
next fo nothing, And yet, whilé the cost would be minimal,
these mechansims' role in “de-risking” and helping finance
targe projects and so deploying game- ing tec
at scale could be no Jess cataivlic tharrthe Export-import
Bank's role in reducing the risk faced By exporters who
contract with foreign buyers, or the Federal Crop Insurance
Corporation’s role in promoting investment in agriculture,
Such institutions offer usable precedents for new clean
econemy finance mechanisms.

Also helpful on the finance front would be a push to
rationalize and reform the myriad tax provisions and
incentives that currently encourage capital investments

in clean energy projects. in this respect, the expiration of
multiple elements of the nation's mish-mash of federal
deployment finance supports in fact represents an
opportunity for reform. Such réform might well pair selective
extensions of key production, investment, and manufacturing
tax credits as well as the Treasury grant cash-back program
with staged, technology-specific phase-outs, which'would
at once provide new industries support, predictabiiity, and a
nudge toward innovation and cost-reduction.” Alternatively,
such a reform drive~which could be paired witha new ook
at reducing or eliminating subsidies 1o fossi fuet industries
as welt~might utilize competitive tendering processes
fike reverse auctions 1o contain subsidy expenditures and
maximize the returns from given outlays.® In any event, the
expiration of so many existing Incentives at oncé is going
to force a debate in thie next two years and reform along
the lines noted here might appes) at once to deficit hawks,
members eager to provide tax benefits to the private sector,
and others focused on unleashing investment and job-
creation. Such a debate In Washington-paired with a serious
focus on ing to the finance gap wid
be an auspicious development for the clean economy,

And yet, states‘and aven regions themselves can play
a huge role in accetetating the scafe-up and deployment
of new clean technotogies and projects—as some are. For
example, state de authorith i i
their firaited financiat and staffing resources—might consider
supplementing private [ending activity by providing
gquarantees and participating loans to in-state companies
with promising new technologies. To be sure, the size of
the refevant deals will surely fall below the $100 milion
to $500 million cited as the most intractable financial
Valley of Death. However, when tombined with private
capital and other lending, stéte programs can still play
a significant role in catalyzing the commércialization
and deployment of clean technologies. Connecticut and
Cafifornia provide good examples of how this is being
done® The Connecticut Development Authority (CDAY
provides up to 35 million in guarantees or suppiemental
financing for companies seeking fo expand the production
of promising new technologies. The CDA also leverages and
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partially guarantees loans to clean economy companies by
partnering with the U.S. DOE's Loan Guarantee Program
through the Financial institution Parinership Program
{FIPP). Likewise, the California Energy Commission
administers an Atternative and Renewable Fuel and Vehicle
Technology Program, which authorizes Joan guarantees
and other financiat measures out of an annual poof of
approximately $100 mittion.

And states could go farther: in a refated way, they couid
catalyze follow-in investment by setting up and providing
the initial funding Yor revolving lean funds targeting ciean
aconomy projects using new or improved techinglogies. ™
Under this madel, the state capital contribution coufd
potentially be leveraged through the issuance of bonds
to be repaid out of debt service, As repayments are made
funds would be re-circulated into new loans. Such & model
would be novel but not entirsly different from California‘’s
Infrastructure and Economic topment Bank (Bank) or
the revelving loan funds that many states use to support
drinking and wastewater projects.

For their part, regions and localities can also help
narraw the deployment gap, not so much through direct
deployment finance as by reducing the costs and uncertainty
of projects by expediting their physical buifd-out. i this
respect, reglonat and tocal strategies to manage zoning and
permitting issues or even pre-approve sites to facliitate
new factory or project development would in their own way
accelerate bulld-out by saving time and money.™

Recharging and renewing the U.S, innovation system is going
to be criticat too**

Innovation (both radical and incremental) matters
because too few clean technologles can yet compete with
their incumbent competifors on an unsubsidized price basis—
which remains the ultimate reguirement if clean and green
new technologies, pracesses, or services are to pervade the
U.S. and world economy,*®

To he sure, poficies to catalyze market demand and
facilitate financing will help scate up proven technotogles
and incremental innovations. However, & near consensus
also insists on the imperative of complementing efforts
to unteash demand with a strong push on technology
devetopment and deeper-going innovation.*® Only through
such a sustained technology push will society offsef the
serious market probiems that prevent private firms from
investing adequately to generate the next waves of products,
processes, and business models, whather in cheap renewable

innovation investmenis in the energy domain even as the
current administration and Congress moved to improve
them.* These recent steps forward have increased federal
energy research, development, and demonstration (RD&D)
investment-the sum of federal investments in energy system
transformation—from just under $3.0 billion a year through
much of the last decade to $4.7 billion in 2010 and to over
$5.0 bilfion in the FY 201 and 2012 budget requests.® Yet
even these recently increased investment fevels in epergy
innovation reflect a relatively low national investment
intensity. To put current efforts in perspective, sevaral
analyses suggest a national expenditure of at least 815
billion to $25 billion annually would be necessary to bring
the research intensity of the U.S. energy sector in fine with
that of other innovation-oriented sectors such as i7, biotech,
or the semicenductor industry.® For more context, note that
over the past two decades prior to the stimulus package U.S.
energy R&D (which excludes demonstration) bad declined
steadily as a share of GDP to two-thirds of the OECD fevel™
i s i water and envir { sciences
alse remain modest, For example, the EPA~far from the only
federal agency to conduct environment-related R&D, but the
one with the most applied and technotogy-focused portfolio~
saw its R&D budget dwindle by a quarter to a low of $505
miflion in 2008 from its 2004 peak before it grew modestly
o $538 milfion in 2010.7 These investments amount to fess
than 0.01 percent of U.5. GDP-a figure just one-guarter the
tevet registered by the rest of the OECDY

And yet, even the sub-optimat investment levels detailed
here now appear in jeopardy. Most notably, with the waning
of federal stimutus investrents and the rise of federal deficit
anxiety, recent progress on improving the level of federal
innovation investments of all kinds appears vuinerable,
Andt neither will future reversals likely be offset by the
increasingly active engagements on RD&D on the part of
dozens of states—which, for their part, face tough choices on
the use of their limited resources, Past state investments in
energy R&D in particular have generated useful commercial
Innovations, but additionat and sustained funding will
be needed to create and build out innovative capacity In
universitias, industry, and the labor market~and it may not
be available.™

Bui the problems wealiening the nation's low-carbon and
environmental innovation system go bevond the inadequate
scale of current efforts. In addition, the format of ianovation
efforts also remains inadequate. Too much of the nation's
past enargy and environmental research has been based on
an obsolete research paradigm, oriented heavily to either
ingividual campus-based research projects or efse to the
highty “sitoed,” offen insutar and bureaucratic efforts of the
DOE's energy 1aboratories.s On this front too, the Obama
administration and Congress have in recent budget cycles -

U.S. investm

energy, green materials, environmental r i of
super-efficient water purification.

Yet, serious policy shortcomings continue to weaken the
.S, clean technology and processes innovation system and
need to be addressed.

The problem: The nation's clean economy

JOor Sys £ deq
Certainty, significant efforts have been made to improve the
nation's innovation standing in recent years. However, these
efforts remain inadequate in terms of both their scale and
their format-and now appear in jeopardy.

In terms of their basic size, U.S. clean energy and
environmentat-sectar fechnology development investments
remain insufficient to ensure a steady stream of future
incremental and radical technical advances,

On this front, a profiferation of market failures has long
been recognized as arguing for a strong public invastment
vole given that such problems discourage private firms
from investing in the techaglogy de: A
Yet even so, past Brookings reports {and many others)
have documented the sub-optimal ievels of recent federat

{east on the energy side~to calls for reforms,
Most notably, the nation has begun to fund a trio of novel
DOE start-up programs gimed at renovating the insufar,
stovepiped research approaches of the department. These
include the Energy Frontier Research Centers (EFRCs),
focused on multi-disciptinary scientific research on current
barriers to technology progress; the Advanced Research
Projects Administration-Energy (ARPA-E), focused on “high:
sk, high-reward” projects in the translation stage; and
the Energy Innovation Hubs, spanning the innovation and
commaerciatization chain from invention to adoption™ Alsa
taudable is the EPA'S support of the Southeast Ohio-centered
Water Technology innovation Cluster (WTIC) program.™
Budgetary uncertainty now surrounds alf of these
experiments. After a stimufus infusion of $400 million for
use in FY 2009 and 2010, for example, ARPAL was aflocated
onty $50 mitlion in the initlal FY 201 budget proposat in HR.
tand nitimately received a modest $180 million in overail
funding as a result of the recent budgel deal struck by
Congress.™® Likewise, Congress has so far funded ondy three
of the originatly requested eight energy hubs, with funding
for future years and more institutes appearing dicey®
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The prospects are even bleaker for as-yet-unimplemented
proposals such as one to create a nusmber of regionally
based clean economy innovation consortia to better connect
the research community te market players in US. regions ™

The strateqy: Keep working to improve the
clean 1y i ion sy

To stave off retrenchment, then, and ideally to maintain
forward progress on innovation system enhancement,
federal, state, and regional acters wilt 3i need to combine
doggedness and creativity.

design, and track performance will states maximize the
impact of scarce innovation doffars.

v

Clarity on each of these fronts will drive growth because
it witt atlow actors in the clean economy to locate customers,
structure finance deals, and draw on leading-edge
technology in a vibrant, predictable environment.®®

But predictability of market-making, finance, and
innovation will not be sufficient, Also important will be

Ciearly no massive scale-up of energy and
innovation investment is tikely in the near term, However, it
ought to be possible for Congress to embrace incremental
growth of the enerqy and environmental RD&D budgets
even in the context of deficit reduction. And it ought
to be possible for the body to affirm the value of its
recent institutional experiments and make incrementat
investments in the ramp up of the Energy Frontier
Research Centers, ARPA-E, and the Energy innovation
Hubs. Congress should therefore consider measured
expansion of alf of these programs and others, including a
tripting of the ARPA-E budget, the creation of new hubs, the
creation of a water sciences innovation center, and the
establishment of a regional clean economy consartium
inltiative. For resources there is no shortage of options:
Revenue to support these investments could be located
through the phasing out of counter-productive energy

idies, the "off-budget” of a small
surcharge on electricity sales, the implementation of a smalt
fee on imported oil, the dedication of ravenues from a very
fow carbon tax, or even from the repatriation of “stranded”
off-shore capitals®

But those are federal policy options. For their part,
maore states may choose to engage on innovation at a
moment of rising need and fimited resources. Many states,
after aft, are highty atert to the benefits of fostering the
emergence of innovative clean industries and bring to the
task important focal knowledge and business connections, in
this connection, state RD&D activity has been an important
complement to federal leadership for years, and so many
states have implemented a muititude of mostly modest-
scated efforts to invest in the RD&D process at all stages,
whether by investing directly in research; supporting
incubatars in connection with focal research universities;
establfishing seed funds to filf the funding gap between fab
research and venture funding; or supporting demonstration
projects.® (See sidebar on New York state's ambitious
approach).

fn view of that, it would be a good thing for the growth
of the nation’s clean economy if the states found ways to
maintain or expand thelr effort on RDAD notwithstanding
budgetary stress, And here there is a littie-known resource
to draw on-the state clean energy funds that exist in
more than 20 states, supported by small public-benefit
surcharges on electric utility bills ® These funds generate
about $500 million per vear in dedicated revenue, most
of which goes to support individual project finance and

regional strategies, which more and more entrepreneurs,
financiers, economic development leaders, and policymakers
fhelieve can play a criticat role in bringing it all together, This
priority runs along the fines that follow:

Regions and the regionat industry clusters they contain
play a critical role In growth because they foster innovation,
entrepreneurship, and job creation while promoting
economic efficiency.®

Regions are the places where-within the federalist
system-research Is conducted, technologies are developed,
ideas are shared, and new businesses started ™ Reglons,
fikewise, are the places where markets are tested, deals
done, projects sited, and workers and suppiiers located,

in fact, the importance of regions and clusters pervades
this study, one of the most important findings of which
remains the fact that the number of jobs in “clustered” clean
economy establishments grew significantly {aster than did
the number in their more isolated counterparts. In this vein,
ingustry clustering in the clean economy and elsewhere
has increasingly been recognized as providing a useful ang
practical framework for shaping economic policy; catalyzing
"bottom-up” strategy and execution; and coordinating
fragmented policy offerings. And yet, notwithstanding a
raodest embrace of cluster concepts in recent economic
discourse, much room exists for a more concerted focus on
the importance of regions in clean economy development
efforts.

The probiem: Clean economy development
efforts have placed too little emphasis on
regional and industry cluster strategies

Too often ptace and the fact of industry clustering-the
geagraphic concentration of interconnected firms and
supperting or coordinating organizations—are left out of
national clean economy discussions,*

To be sure, the reality of clustering in the clean economy
has begun to inform federal policymaking in recent
budget tycles, buliding on earfier inroads at the state
fevel, Multiple federal agencies including the Economic
ini ion (EDA), the Smali Business

deployment. Given the needs of the moment,
more of those flows into critical innovation (as well as
economic devetopment) activities represents an important
option for maintaining and recharging states’ clean economy
innovation system, Yet, states will never have sufficient
funds to invest comprehensively in traditionat R&D and
RD&D programs, making it critical that states focus and
prioritize their innovation investments. To do this, states
should complement stepped up invesiment affort with a
sharper focus on the precise needs of promisiag innovation
segments in the state economy. Central to this be a rigoreus
embrace of detaited sector, industry, and innovation system
analysis such as a number of states and regions are now
pursuing. {For background on Northeast Ohio's technology
roadmapping exercise see sidebar). Only by emploving
fine~grained data and analysis to target interventions, drive

Administration, the Department of Agriculture, the Nationat
Science Foundation, and the Department of Labor now
offer competitive grant programs for the modest support
of regional cluster initiatives, including “green” ones.® in
fact, several initiatives—such as the DOE's Energy Regional
nnovation Cluster (Efficient Buildings) hub s well as this
year's pending 1 Green Challenge to promote Clean energy
innovation and job growth~explicitty adopt cluster strategies
info clean economy growth initiatives’® Likewise, a fonger
standing orientation toward cluster strategies at the state
level has seen the continued and accentuated application
of the paradigm to clean economy initiatives in a number
of states. States like Colorado, New York, and Oregon, have
alf applied a strong regional and cluster focus to their clean
economy development initiatives™
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Nonetheless, the leveraging of regional industriat and
innovation dynamics for clean economy growth remains an
under-expioited opportunity,

At the federal feval, the nation's new array of regional
development and green cluster offerings remains valuable
but modest in scate~and frequently oversubscribed™ More
importantly, the nation's chief ehergy-sector agency-the
DOE-has untii recently lacked a strong sconomic or reglona
davelopment mission and stil contends with a cuiture of
insularity and aloofness from the markeiplace that derives
from the security mindset of its work in huclear weapons
developmant?

At the state Jevel, clean economy strategies o not always
apply a well-focused regional emphasis-even when they
adopt cluster concepts and terminology, Along these lines,
state approaches to clean economy development-while
weil intentioned and frequently impressive~remain at times
generic or i-defined, insuffictently grounded in fop i
data analysis; or insuffictentty "bottom-up,™™

And then, while more and more regions are mounting
their own increasingly strategic, focally specific initlatives to
accelerate clean economy growthy, not enough are.

On the positive side, regional self-assertion has emerged
as a bright spot in the United States, with dozens of
regionally-based intermediaries now roving to execute
sophisticated growth strategies,

However, the fact remains that too few local clean
economy growth campaigns are emploving truly disciplined,
data-rich, analytic approaches to ascerfaining local
specialization and accelerating home-grown growth,

As at the state level, too few reglons—given the limited
cross-region dats that has been available—have been able
to assemble adequate information to really understand
their clusters’ markat position and growth potential.
Consequently, too many regiona! clean econcmy strategies
focus on overly broad categories ke “renewable energy” of
“energy efficiency” rather than mors distinctive sub-niches
and developing strategy at that fevel.

Probably the most visible consequences of all of this
inconsistent atfention to cluster dynamics and locally-
specific data, meanwhile, are workforce problems. On the
one hand, concern has been mounting in some quarters
about shortages of qualified workers, especially in the ytility
sector, 1o mest near- and fong-term demand.® By contrast,

though, more recent news and other reports-following on
the investment of some $600 million of stimulus money

in “green” training programs-have described situations

in which the supply of trained clean economy workers

fias exceeded the regional market’s need for them/™ What
tinks these seemingly opposite fabor supply problems, it
turns out, are widely recognized disjunctions between U5,
regions’ workforce tralning systems and the local clean
economy. Severat studies note, after all, that cean economy
warker training programs have neither been sufficlently
data-driven nor informed by adequate partnerships
between educational and training organizations, on the

one hand, and employers, on the other’ These reports
note that the multifariousness of the clean economy and its
newness in some segments add to the usual challenges

of securing sufficient conwnunication and coordination
among stakeholders to fink industries” demands to the
supply of workers.

Afong these lines, it is plain that the inconsistent
availability of objective, timely data about the size and”
growth of regional clean economy clusters has complicated
the design of smart, realistic training and economic
devetopment systems at tha regional level,

The strategy: Build the clean economy “battom
up,” region by region

And 50 a broad strategy for all parties must be to place
regional growth strategies specifically near the center of
efforts to advance the clean econony.

At the federal tevel, the growing recognition in Congress
of the valus of regional strategies and local innovation
clusters—as evidenced by the Inclusion of a new “regional
innovation program™ in last year's America COMPETES
reavthorization-encourages hopes that Congress wit
support increased investment in new regional innovation
and indystry cluster programs.™ Competitive awards
fike the EDA’s 16 Green Challenge for the establishment or
expansion of regionat proof of concept centers in various
green technology fields has the power to further catalyze
the “bottom up” clean economy tevelopment work that has
broken out in numerous regions. Scaling such offerings up
would accelerate growth, Funding options, while complicated
in the current budgetary environment, do exist as noted in
the financing discussion.
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States, for their part, need to make regions and
metropolitan areas central to clean economy growth
strategies. State leaders need to understand and embrace
the fact that the clean economy is significantly region- and
metro-led’ What does that mean? By and large, it means
that more states should empower regional clean economy
cluster initistives. States, to begin with, should work with
the federal government and their regions—as many now
are-to improve the information base about focal industry
clusters, with an emphasis on pulling together objective
market analysis on their size, growth, market positioning,
and chalfenges.® Too littie is as yet known abouf these
industries at the crucial regionat level, and that has impeded
good strategymaking,

Beyond improving the data, states can also play a
criticat rofe in advancing U.S. clean economy growth by
making sure their clean economy activities flrmiy support
reglonally crafted ciuster strategies. One way states can
achieve this is through the provision of dedicated, modest-
scaled resources—perhaps from state energy funds~to

H-desit regionat cluster initi % For example,
New York state has since 2009 invested nearly $9 million
in six regionally-based and -oriented cteantech incubators
through its Clean Energy Business incubator program, Yet
specifically titled formal “cluster” programs are only part
of the picture, Equal or more vatue may in fact come from
swinging other, more generally relevant, programs behind
the regions’ cluster strategies, whether it be related market-
making procurement or utifity initiatives; export promotion;
particular finance interventions; various R&D, tech transfer,
or other innovation initiatives; or workforce training policy,
Such an alignment of multipte state activities with the needs
of tocat clean economy clusters represents 3 fow-profile but
essential element of fostering growth

All of which leads to the critical role of regionat actors
themselves in accelerating the emergence of a dynamic
ciean economy in America. At this level, the needed
development work will frequently be facilitative and
focused especially on analysis and coordination: identifying

promising local clusters, identifying the constraints they
face, and faciitating joint regional action to address them.5?

The first step for regions must be to use data and
analysis to understand the focal clean economy in detail,
Currently, very few regions have access o the kind of
rigorous, fine-grained information needed to make objective
assessments about the nature, prospects, and needs of their
tocal clean economies. Such data has simply not been widely
available, given the difficulties of defining the clean economy
and then of collecting the relevant information across
diverse industries. And yet such statisticaf intelligence is
absolutely essential to allow regions to define the terms; sort
out fact from fiction; and focus regional strategy on fruly
viable, distinctive, and competitive networks of firms and
establishments,

The data provided in this report, its appendices, and on
an accompanying project website make a start. (See sidebar
on visualizing the clean economy), Using this information,
regions can obtain initial guidance on the refative size of
their clean economy industry segments; the numbers of
establishsments and firms they contain; their growth; and
their strength relative to those in other regions. In that way
regions can begin {o assembie what they in many cases do
not have now: a basic empirical platform on which to base
strategic clean economy development efforts.

With such a basic platform in place, regions should move
to rigorously identify clusters’ binding constraints and
then move to formulate strong, “bottom up™ action to
address them, To the first point, a top priority of regional
cluster participants and intermediaries should be to tease
out the specific hurdles to the further growth of an area's
most extensive, concentrated clusters. In this connection,
rigorousty identifying the most promising clusters on which
to focus development efforts is part of the work but equal
effort must drilt down on isolating the specific impediments
to future growth,

Are there local procurement sources that have not been
exploited that could drive growth? Are there reguiatory
impediments that are preciuding the siting of critical capital
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investments? Do businesses in the cluster lack access to
financing owing, for example, to their distance from VC
networks in Boston, New York, or Siiicon Vatley?

Such a drifi-down will require fine-grained, often
quatitative but still precise local information, including
proprietary company data, detatled survey information,
real-time market intelligence, and other forms of first-hand
insight. For that reason such work te pinpoint focal clusters’
pinding constraints will always be an inherently regional
responsibility.

Why is such work so important? Such work is important
because it represents the essential basis for "bottom
up” regional action to address cluster needs and seize
opportunities. Such regionat assertiveness is critical,
meanwhile, because it represents the best available source
of locally grounded, cluster-specific information, priority~
setting, and implementation.

And as it happens, numerous regions are engaged in this
sort of disciplined, data-informad work to develop smart,
piace-specific development strategies.

industry and econemic development leaders in the
Puget Sound area, for example, have collaborated with
the Brookings institution and RW Ventures LL.C to craft a
regional "business plan” reflecting that region's specific
clean economy specialties, with a view to strengthening the
global positioning of the region's EE technology cluster®
{See sidebar on the previous page). Similarly, the Climate
Prosperity Project, a non-profit focused on the clean
economy, has been working with four regions-San Jose, St.
Louis, Denver, and Portiand, OR-to develop locally tallored,
empirically based clean economy “greenprints” to guide
clean economy development in those metros.™ (For more
on Climate Prosperity and on regional networking in the
Sacramento region see sidebar above), And for that matter,
some 15 regions are now working together to forge common
cause as they develop clean energy “innovation consortium”
initiatives aimed at addressing innovation pipeline gaps and
accelerating regional cluster growth in areas ranging from
New England and Michigan to San Diego. in these ways,
U.S. regions are moving assertively to define the needed
interventions, implement them, and share their fearning,

whether through local initiative or through the targeting and
tuning of various federal and state efforts,

Regional implementation steps can, should, and do
vary widely. Backed by aff kinds of entities, regional
actions to advance the clean economy run the gamut of
market-making, finance-oriented, innovation, and cluster
development activities.®™ On market-making, for example,
Chimate Prosperity's efforts in Silicon Valiey, Denver,
Portland, OR, and St Louis focus on expanding the demand
for clean economy good and services by promoting use
of jocal products, aggregating public procurement, and
branding and marketing regional specializations.® To
address finance issues in its region, the Clean Tech Center
at the Syracuse-based Tech Garden offers technical
and financial assistance~by facilitating access to anget
investments and venture capital-to entrepreneurs and
early stage companies to foster clean technology business
development.® in Wisconsin, meanwhite, the Milwaukee
Water Councit is working to catalyze water-tech innovation
in a cluster that includes more than 100 scientists and
130 water technology companies.®™ And for that matter,
CleanTECH San Diego in Catifornia, a non-profit membership

ion, has ped a one-stop-shop

to advance the region's ciean economy by helping companies
coordinate with estabiished research facilities to identify
both synergies and gaps and network through an online
registry of the region’s growing cluster of clean technotogy
companies,®

Among alt these activities two more stand out. Given the
prominence regional leaders retain on land use, regional
and local officials have special power to manage the zoning
and permitting issues that can determine how quickly and
where key clean economy infrastructure or installations are
sited within the demographic and workforce contexts of their
communities.

Likewise, regional ieaders’ sensitivity to local population
and business dynamics argues that they should lead
efforts to improve reglonal ctean economy workforce
development. And here, too, regionat cluster knowledge and
the cotlection of detalled cluster data allow for improved
outcomes, Too often in U.S. regions workforce training for

44 THE BROODKINGS INSTITUTION | METROPOLITAN POLICY PROGRAM



54

so-calied “green jobs” {as well as other occupations) has
procesded on its own track, aspirational about what job
placements training might vield and divorced from the latest
market trends and real industry demand in focal places.™
The result has been disturbing shortages and surpluses

of particular types of workers, However, the availability of
improved data and more assertive cluster initiatives points
to 2 better way~and one of the most important future

roles of metropolitan and rural regions in advancing the
clean economy. Along these lines, the use of fine-grained
segment data and better communication in the design and
management of worker training efforts should make possible
a much more accurate tuning of training efforts to true
private sector needs-and better connection of workers to
opportunities, Proving that it can be done, some community
colleges and other regional intermediary organizations

have successfuily finked training to cluster-specific industry
needs with considerable success, For instance, the Los
Angeles Trade-Technical College grounds afl of its work on
“green jobs" with carefuf research and industry engagement
to inventory “real” employmeant opportunities and future
demand.® Likewise, the Workforce Development Councif

of Seattie/King County (WDC) has gone to great lengths

to aligning its workforce development efforts with private
sector needs. First, the WDC convened an industry panet fo
explore market dynamics and employer needs in the area

of green design and construction. Then the WDC partnered
with the City of Seattle and other organizations to launcha
new industry-led project to understand and meet employer
needs in the residential and commercial building enerqy
efficiency sectors®

x e %

The takeaway Is clear: While private enterprise ultimately
wili deliver a robust clean economy, federal, state, and local
governments all have roles to play in co-producing a clear,
supportive, and stable growth environment for it

In that role, government must work to structure a vibrant
domestic market, ensure the avaitability of finance, and keep
the innovation pipeline charged. Throughout, regions and
ciean economy industry clusters must move to the center of
development efforts,

Uttimately, by pursuing this course, the nation can and
witt build the domestic clean economy, firm by firm, and
region by region. %
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The measurements and trends reviewed here
offer an encouraging but also challenging assess-
ment of the ongoing development of the clean
ecanomy in the United States and its regions.

{n many respects, the analysis warrants optimism.

As the nation continues to search for new sources
of high-quality growth, the present findings depict a sizable
and diverse array of industry segments~in key private-
sector areas—expanding rapidly at a time of sluggish
national growth.

Already the aggregate clean economy empioys
more peopte than the fossit fuels and biotech industries.
More importantiy, a dozen or so "hot™ segments-mostiy
dynamic renewable energy categories fike wind energy,
sotar photovoltaic, and smart grid-doubled and tripled
in size in the last decade, answering the hype that has
surrounded them despite extremely difficult recent market
and finance conditions.

What is more, the analysis suggests that the clean
economy is producing jobs relevant to the nation's need to
renew its economic base. Clean economy jobs are inordinately
oriented toward manufacturing and exporting. Likewise, the
segments of the clean economy encompass a balanced array
of jobs and occupations, with substantially more opportunities
and better pay for tower-skifled workers along with other
positions in higher-end “innovation” fields, Having more
clean economy jobs as the sector’s younger, more innovative
segments advance in technology, deployment, and market-
penetration wouid be good for the nation.

Yet, the information here aiso underscores several
challenges.

For onie thing, the data counsel against excessive hopes

for large-scale, near-term job-creation from the sector, After
all, the U.S. clean economy remains small where it is fast~
growing and relativety slow-growing on balance, as defined
here. That means that while key clean economy growth
segments appear of critical importance to America's future,
their status as major employers remains a few years off.

Beyond that, what is more concerning abou! the future
outiook is that the growth of the clean econamy has aimost
certainly been depressed in recent years by significant policy
problems and uncertainties,

Armerica, its industries, and its regions are in many places
making solid progress on clean economy development,
especially at the early-stages of the technology commerciali-
zation pathway, where new ideas, business plans, and firms
came into being. However, much evidence suggests that
the scate-up of these ideas has not been maximized, due in
part to policies that have left domestic demand weaker than
it might be, financing harder to obtain, and the innovation
pipeline unsecured for the future, even as too little attention
is paid to the regional underpinnings of growth.

In that sense, what is most challenging here is the
fundamental question raised by the dynamic growth but
modest size of the most vibrant and promising segments of
the clean economy,

That question is: Will the nation marshal the wilf to make
the most of those industries?

in the end, it is a question raised frequently by these
pages. &
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“Endogenous Technological Changs,” Journal of Palitical Ecoramy 98
(5 (1990). 7+102; Gregory N, Maniiw, Davict Romer, and David N, Wi, “A
Contritution to the Empirics of Economic Growth," Guarterly Journal of
Economics 107 (2) (1992): A0T-437; Robest E. Mal ant Charfes 1. Jones,
“Why do Some Countries Produce S Much More Output per Worker
than Dthers?” The Quarterly Journaf of Sconomies 14 (1) (1999)
anct Eibanan Helpman, The Mystary of Eanomic Growth (Cambridge,
A Besknap Press, 2004,

t6;

World Economic Forum, "Green fnvesting 20" (Geneva: 20W).

Eenst & Young, “Cleantech Matters: Global Cleantech insights and
Trends, 201" {London: 201).

Mia Jaxier, “State of Wates fnnovation™ {San Francisco: Cleantech Groug,
2010) and Beutsche Bank Research, "Workd Water Markets 2010

Stuart K. Graham, Robert Meeges, Pam Samuelson, and Yeg Sichelman
“High Technology Entrepreneuss and the Patent Systens; Results of th
2008 Barksley Patent Survey.” Berkeloy Technology Law Journs! 24
(9) €20I0): 1248-E318; Bronwyn M. Hall and Josh Lernet, “The Financing
of R&D and Innovation,” In 8, Hall and N, Rosenberq eds. Hanobook of
the Economigs of fnm ion, (Elsevier-North Holland: 2010}, The reasarn
for the patent intensity of VO-backed firms appears to be the Jact that
Stur-tapi viiems and their tschaclogies very carefutly
and then Cosely maonitor and try to improve their pecfermance as the
firm develaps its prodct.

PricewsterhouseCoopers / National Venture Capital Assaciation
MoreyTree Report, Data: Thomson Reuters, availabie st wiww.nvea.org/
£rost and Young, “From Survival to Growte Globai Venture Copital
insights and Trends Report 2009 (2009). Defoitte ani National Venturs

THE BROOKINGS INSTITUTION | METROPOLITAR POLICY PROGRAM



%

w
&

v
2]

36.

Pt

66

Capital Association, “2010 Glebat Trends in Venture Capital: Quticok for
tha Future” (2010},

OECD, “ndicator of environmentat tachnaologies (ENV-tect)” (20101,
avaitable at www.oecd org/environment/isnawstion

For discussions of aations” efforts to extablish competitive advantage
in clean economy manufacturing capacily, the deployment of clean
energy technolagies, and enabling infrastructure see Rob Atkinson and
others, “Rising Tigers, Steeping Giant: Asian Nations Set To Dominate
the Clean Energy Race by Out-investing the United States” (Washington
and Gatiand: Information Technotogy and Innavstion Foundation aad
Breakthrough tnstitute, 2009) and Pew Chacitabla Trusts, "Who's
winning the Clean Energy Race? 2090 Edition.”

Afan Berube and others, “MetroNation: How US, Metropotitan Areas Fuel
American Prasgerity” (Washington: Rraokings Institution, 2007).

Mark Mura and othees, “MetroPoficy: Shaping a New Federaf Partaership
for a Metropotitan Nation” (Washington: Brookings nstitution, 2008)

Broakings anafysis of Census Bureau American Community Survey
data (20093 Brookings analysis of LS. Geofogical Survey data

(2005; Brookings analysis of Department of Transportation Highway
Pertormance Monitoring System data (20063 Marityn Brown and otfiers,
“Shrinkinig the Carbon Faotprint of Melrapofitan America.” (Washington:
Brookings institution, 2008).

Brookings anatysis of data from the U5, Green Building Councit,

National Research Council Committee on an Assessment of Research
Doctorata Programs, *A Date-Based Assessment of Research-Doctorate
Programs in the United States® {(Washington: The National Academy of
Sciences, 2010, available st http:f/wew.nap.edufrdn. Brookings analysis
of US. Census Buresu American Commurity Survey 2009 data

Srogkings analysis of data from ARPAE

The three programs administered by the Department of Energy Office of
Loans are Section 1703, which guarantess loans far projects that employ
new or significantty improved energy technologies fo avoid, reduce, ar
sequester air poliutants or greenhouse gases: Section 1705, part of the
Recovery Act, which quarantees laans for cortain clean energy projects
that commence canstruction on of hefare September 30, 2015 and the
Advanced Technolagy Veficles Manufacturing program, which provides
direct toans to finance advanced vehicle technologies. See https:/fipo,
energy.gov/ ?page._i

Alan Berube andl others, "MetroNation.” Research fram the Federal
Reserve Bank of Philadeiphia, for instance, notes that patents not onty
profiferate markediy with increased employmant density byt tend to be
citest within the same metropolitan area. See Gerald Carfino, Satyajit
Chatterjee, and Robert Hunt, "Urban Density and the Rate of fnvention.”
Working Paper 04-16/R (Fedesal Reserve Bank of Philadelphia, 2006).
For mare on the assaciation of clusters with innavation, see Maryann
Feldman, The Goography of fnnovation (Bordrechi: Kluwer Azademic
Publishers, 1994) and David Audretsch and Maryans Feidman, “The
New Economics of Innavation, Spiovers, and Aggtomeration: A Review
of Empirical Studies.” in Gordon L. Clark, Maryann fetdman, and Meric
Gertner, ads., The Cuford Handtiook af Econcmic Geograpny (New Yark:
Oxford University Press, 2002).

For background on the relationship babween firm growth and regional
character see Zoltan Acs and Pamela Muelter, "Employment sffects

of business dynamics: Mice, Gazefles acd Elephants,” Srmall Businoss
Economics 30 (2008): 8500, For the Global Cieantath 100 ist see www.
quardian.co FCMPstt_gu
For a dat map of the world focation of the 100 Cieantech 100 firms

90 here:
world-map For twa blogs on the metrapoiitan clustering of U.5. Globat
Cieantech 100 firms see Jonathan Rothwelt and Mark Mure, "Where the
Clrantach Companies Are” The Avenue. i blo of The New Republic,
February 23, 201 and Jonathan Rothwell and Mark Muro, “Top of the
Class: The Role of Leading Academic Programs in Cleantech innovation,”
The Avenue, a biog of The Nes Republic, Febeary 24, 201

Alan Berute and others, “MetsoNation.”

index to the Digest of Grean Reports and Studies, avaitabls at

o

w

R

Readers interested io these jobs can 160k forward 1o the Sureau of Labor
Statistics survey, which will aim to smeasure the clean aconomy and
ciean process economy in TWo Separate surveys.

Eurostat, "Handbook on the Enviranmentas Goods and Services Sector';
U5, Census Bureau, "Survey of Environmantat Products and Services™;
OECH. "The Environmental Goods and Services Industry”; BLS, Federal
Register Notics 75,

Since 1990, the firm Dun & Bradstreet s aimed to craate a census of
4.5, astablishments and theis employaes. They used the SIC system to
classify firms, and found that they nesded to expand the number of
Higits feom six to eight te account for new industries, tn 1997, the federal
qovernment moved to the NAICS. but Dun & Bradstreet kept the older
system that they had developad. Walts & Associates has developed
“erosswalk” hetween DE's SIC and the contemporary NAICS, which was
used in this report.

Karen Chappie and Malo Hutson, "lanovating the Green Economy

in Cafifornia Regions” (Berkeley: University of California Center for
Community Inoovation, 2010). Availabie at hitp://communityinsovation.
berkeley.edu/publications.htmi

Some industries~such 25 urban pianning and bicycte repair~were not
includad in this study because the envirenmentat benefit was unctear
Likewise, Some companies appeaces ko have been mis-chissified, and so
thay were excluded.

The Pew Charitable Trusts, “The Clean Energy Ecanomy.” Pew found
that 60 percent of ciean economy jobs are in establishments from these
indostries.

Thie following changes wera made to the BLS categories: Public
awareness was dropped from the category “Education and Compliance”
tand considered here as 2 clean economy “process job” rather than a
peoduction joby; “Enarqy Efficiency™ was broadened bo includs resource
efficiency {e.q. water); Agriculture was added o "Natural Resources
Conservation;” and "Fafiution Reduction and Removal” was changed to
“Eavironmental Management "

For example, if a company was fisted by the Amarican Wind Eneeqy
Association, it was placed in "Wind Energy.” All USDA certified farmers
were classified in “Crganic Farms and Organic Food Production.” n
other cases, the product-such as vehicte batteries~was used ta make
the ciassification,

BLS Business Employment Dynamics, available 4t www.is.gov/bdm/
homehtm {2000,

istrate, Rothwett, and Katz, "Export Nation.”

See wirwbis. x nt
ep_fable_flthtma

£ftiot Martin and olhers, "Impact of Carshiaring on Househald Vahicle
Holings: Resuits from Narth American Shared-Use Vehicle Survey.”
Transpartation Reseacch Record 2143 (2010): 1504158,

i,

Tai Stillwater and others, "Carsharing and the Suilt Environmant; A
Geographic information System-Based Study of One U.S. Oparator”
Franspartation Research Recars 2110 (2009% 27-34.

Oregon Employsment Dapartment, "The Greening of Gregon's Workiorce:
Jobs, Wages, and Training” (2009); California Employment Development
Department, “Californid’s Green Economy” (2010% Nichotas Jolfy, “How
Groen is Connecticut's Economy ™ Fhe Conpacticut Economic Digest
13¢12) (2008): 3. The green jobs number in California refers to the
nursher of emplayees who report spending most of their time on green
aspects of job (263,000p.

State ecurity L, 2008

5
State Green Economy Jobs” (2009); Washington State Employment
Security Department, "2009 Washington Siats Green Economy Jobs”
0103,

qusi Economic Research and Information Center, "The Missouri
Green Jobs Report” (2009); Kansas Department of Labor, “2009 Kansas
Green Jobs Report” (20103,

nichigan Depsriment of Energy. Labar & Economic Growth, “Michigan
Green Jobs Report: Gecupations & Employment in the New Green
Eeonomy” (2009).

The Pew Chantubie rusts, “Toe Ciean Energy Exonomy™ US.
Commerce, Econamics and Statistics Adwministration,

Bigest-indes.pdf (February 200,

“Giabal Metro Summit 2010: Defivering the Next Econoty,” svatlable
st broakings.pdu/events/ 2010/208. melro.summit.aspx, Emia
istrate, Jonathan Rothwell, snd Bruce Katz, “Expart Natior us.
Metros Lead Naticnal Export Growtt and Boost Competitiveness”
(Washington: Brookings Institution, 2010},

Eurostat, "Handbook or the Envieonmental Goods and Servires Sectar™
Lurerabourg, 2009); U.S. Census Bureal, "Survey of Envirgnmentai
Praducts and Services” (Washington: Enviroamental Protection Aq@rcv‘
998y far Economic Cooperat

Envicanmenta Goads and Services industry: Manual for Data Coﬂeclxon
and Analysis” (Paris, 1999); U$. Bureau of Labor Statistics Fedsrat
Reqgister Notice 75 (182) (September 21, 2010} www.bis.gavigreen/
1rn_2010_09_21.p0!

“Measuring me Green Ecanamy” (Washington. 2010} U.S. internationiat
Trade Administration, Difice of Energy and Enviranmentat industries,
“Environmental Technalogies Industries: 2070 Industey Assessment”
20103, US. Conference of Mayors, “U.S. Metro Economies: Current
snd Potentiai Green Jobs in the S, Economy” (2009, The Center for
Community tnnovation, “Inniovating the Green Econamy in Cafifornia
Reglons” (2010).

See the Sc@m Energy Industries Assaciation wabsite, svajiable ot
htte/fsel
lOVBa(%ZO:O%ZORPW?W patt
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See the Solar Foundation website, available at
httpt

o gifites/
Jobs%20CensusH%a02010%

20Web%20Varsion.pdt

See the National Hydropower Association website, available at

Frantzis-pres-FinatT.pdf

See the American Wind Industry Association website, availabie at
o/ es.

See the Geothermal Enerqy Association website. avalisble at
bas asp

i/ 1 . basics_

“Globat Cleantech 100, The Guardion, avaitable at

he100-2
HiStPCMP=twt_gu tdanyary 201,

58

The figure is for 2010, and the spurce is Moody's Economy.com. NAICS
621, 622, and 623 were included. Sociat assistance was excluded.

Srookings analysis of 2009 Census County Business Patterns date
shows that jobs assaciated with producing fossil fuel based ensrgy,
derivative products, and machinery make up soughly sne percent of the
U.S. economy. f one adds distribution. gas stations, fuel transportation,
and wholesalers~peripherst activities exciuded from the clean ecoromy
estimates~the fossil fuel economy still empioys only 1.8 percent of 5.
workess or 2.4 million workers. A 2009 report from Pricewaterhouse
Coopers estimated that the number of jobs directly invoived in the
fossit fuet industry was 2. miltion; that report was commissioned by

the American Petroleum Institute. (See Pricewaterhouse Coopers,

“The Economic Impacts of the Oil and Naturad Gas ndustry on the US.
Economy: Employment, Labor ncome and Value Auded” {2009).

Battelle and Biotechnology tndustry Organization, State Bioscience
Initiatives 2010 (2010).

Fom 2.2 in 1996 to 4.5 3 2009, Overall, the definition yses by the ITA is
vesy similar to the Srookings definition used here. Employing the fTA's
product codes, the vaige of environmental exports~excluding secvices-
comss te afmost $40 biliion in 2010,

Randy 4. Becker ang Ronald ., Shadbegian, “Enwironmentat Products
Manufacturing: A Look Inside the Green Industry.” The BE. Journal of
Eronomic Aralysis and Poficy 9 (1 (2009 1-23

Al the growth igures here exciude establishiments that may have ciosed
between 2003 and 2010,

Gitles Dusanton and Diago Puga, “Nursery Cities: Urban Diversity,
Process Innovation, and tha Life Cycle of Products.” American Economic
Review 91{5) (2001 14541477,

This exciudes establishments that may have closed in intervening years.

Exporting establishments sre defined 35 those with above average
exposts per worker, meaning above $20,000.

Details describing ow this result was obtained are discussed in
the exteraal methods appendix, To summarize, establishent level
empioyment growth was reqressed on establishment characteristics
including ge, headquarters status, branch status, three-digit industry,
county fevel employment, company level employment, the number of
establishments in the company, and county level segment employment
in other establishments. Errors were aflowed to cluster at the county
level

were defined as in
clusters if other establishments in the same county comprised at feast
tpercent of alt US. employment fo the given segment in the base year
of 2003, By this standard, 47.3 percent of al establishments were i
clusters, The results are Aot substantially changed if the definition is
veiaxed or made more discriminating. Using a threshold of Q.01 percent
for the county share of U.S. amployment, which inchudes 73 pescent

of sit establishments, clustered establishments grew at 4.6 percent on
average, comparad {0 3.2 percent for isulated establishments. Using
astricter threshold of 1 pertent, which applies 10 jost i percent of
estabiistnents In the clean economy, those that were clustered grew
atarate of 5.3 parcent, compared to 3.4 percent for non-clustered
establishments. in other words, using any reasonable definition of

The saurce of these data is Moody's spacial ag 5
TFProducing industries. Estimates are for 2010,
See the avaitabie at

a “for bunefit" ion, or B

Corporation.

Growth data here refer to job gains from openings and expansions,

a5 well as job fosses from contractions, They exchide job losses from
the closing of establishments, because that data was not available

for the clean aconomy. The national data alsa excudes jabs fost from
ciosings to create a tomparable set of businasses. This can be done

by sublacting the number of deaths over the period (2003 to 2010)
from the base year (2003). This creates & universe of survivors. The,
underiying nationat data is from the Bureau of Laber Statistics' Busiriass
Employment Dynamics series.

John €. Haltiwanger, Ron 5. Jafinin, and Javier Misanda, “Who Creates
Jobs? Small Vs, Large Vs. Young.” Working Paper 16300 (National
8Bureau of Econamic Research, 2009,

The median year of esteblishment birth in the ciean economy is 1995,
Analysis of Business Dynamics Stalistics and the Buresu of Employment
Dyramics data show that the average year of establishment birih

is between 1994 and 1957 for the LS. economy. Start years for the
hydropower segment were missing far ail but three observations out

of 1400 estabiishments. The median start year for tfiose thres was
1990. Caution should be used In interpreting these figures. The true
median start year is probably earlier, However, the Federal Enargy
Regutatory Commission database repurts the date of ficenses issued to
hydroslecttic producers. The median year for these ficenses is aiso 1990,
Sea wwwiere qovi/industries/hydropowerasp

Sea the external methods appendi for details. These figures reflect
Brookings analysis of data from the BLS's Business Employment
Dynamics series. All subsequent deaths were subtacted from the
base year to accaunt for job iosses due to closings and maks the dats
tomparable to the clean economy. Nationally. oid establishments~
bora before 2003-tost jobs at a rate of -0.5 percent per establishment
per year.

Data o U.5. manufacturing from Macdy's Economycom. This number
is the sum of manufacturing employment i the 50 states, aot for the-
Unitert States and its territories.

These data are from the BLS Business Employment Dynamics prograsm.
The 3.3 miflion figure is net of apanings, expansions, contractions, and
closings. The comparable hurmber to the clean sconomy would be 13
mifiion Inoses~that excludes job tosses from stablishments that clased,

These data are estimated based on 3 technigue deseribad in the
methods section and externst methods appendix. it estimates exports
at the establishment tevef based on the establishment's industry.
However, the use of an alternative method to ashimate exports yields
simifar sesuits. Evidence from the international Trade Administration
(1A} paints an encouraging picture o exports in the tlean sconomny=
which is associated with environmental technalogies. According to

a Brookings anaiysis of an 1TA fist of 228 products deemed to be
enviranmenta technalogies, the Unitad States exports 60 percent
more in environmental goods than it imports. Moreover, the share of
us. ing exports from increased
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clean economy benefitted trom being
chusters of peer i in the same

focated in
segment

See. among others, J. Vernon Henderson, “Marshalf's Scafe Ecanomi
Journai of trtar Econermics 53 (2003): 1-28; Stuart Rosenthal and
William Steange, “Evidente on the Nature and Sources of Agglomeration
f.conomies.” In JV. Headerson and J. £, Thisse, eds., Handbonk of
Regianal and Urban Ecanomics, vol, 4 (amsterdam: North-Holiand,
2004); Gilles Duranion, Philippe Martin, Thierry Mayer and Flarian
Hayners, The Economics of Clusters: Lessons from the French
Experience (Oxfard: Oxford University Press, 2010). Clusters benefit
esonomic performance through three mechanisms, according fo the
work of Gites Duranton and colleagues: sharing, learning, and matehing,
Sharing is fatifitated in clusters in that proximity aflows firms to share
things like facilities, transportation infrastructure, ang even institutions
tike universities or federal 1abs). Clusters may reduce the costs of
establishing o maintaining these valuable resources. Learmning is
facilitated in clusters through knowledge diffusion, which has grovern

1o be sasier over short distances, whether it e via teaching, casual
canversation, or empioyaes feansferring to rival firms or starting-up
their own, Finaily, clusters can improve matching between workers and
empioyers or suppliers and buyers. (For details see; Peter Thompson,
"Patent Citations and the Geography of Knowledge Spilovers: What do
Patent Examiners Know?” Tow Revie of onomics and Statistics 88 (2)
(2006); 383-388; Matt Marx. Deborsh Strumsky, Lee Fleming, “Mobifty,
Shilts, and Non-Compete Exp >

Sefence 55 (6) (2009): BYS-B88; Toby Stuart and Oiay Sorenson,
“Liguidity Events, Noncompete Covenants, and the Geographic
Activity," Science

of
Quarterly 48 (2003% 175-201,

That calcutation dakes (1301907 0.03, where 0.03 Is the coafficient on
ciuster size for 3 regression of the fog of 2003 jobs &t an establishment
an the iog of county level employment of other establishments in the
same segment. See the external methods appendix for defails.

Zoltan J. Acs and Pameia Muelier, “Empioyment Effects of Business
Dynamics: Mice, Gazestes and Elephants,” Smalt Business Econom
{2008): 85-100.

The numbers reparted are the coflective growth rates of all clustered
and @l isolated sstablishments. At the level of the individual
establishment, ihe average annual campound growth rate was

4.2 pascent versus 3.4 percent in favor of clustered establishments, This
difference was statistically significant with a g-value of less than .03

These low-exporting segments were as follows: waste management and
treatment, recycling and reuse, remediation, training, waste-to-energy,

servation, requiation and and public mass
transit, It was deemed that chustering dynamics (or agglomeration
economies in the technical jargon) are fess relevant for these sectors
Because there is filte grivate-sector compatition and they are untraded.
However, same of the advantages of clustering cauld stifl work to
increase efficiency and productivity in these segments
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See Bloomberg New Energy Finance, “Weathering the Storm: Public
Financing tor Low-Carbon Energy in the Post-Financiat Crisis £ra”
CWashington, 20103 and DBCCA, “investing in Climate Change 2011

Bloomberg New Energy Finance dats on 1.5, and Chinese asset finance
trom 2064 to 2010 show that white financings have grows in both
nations, Ching has far outpaced the U.S. in the last few years. Chinsse
asset financings inereased from $15 bilion in 2004 to $47.3 billion in
2010, By contrast, U.S, asset investment grew much more siowly, rising
from $2.8 biliion in 2004 to $21.9 villion in 2008 hefore shpping to $207
billion in 2010~a level less than hatf the Chinese amount.

Data through 2008, “Envirenmental Technotagies industries: FY2010
indusiry Trade i
20102, U.S. fon Senator Wyden's much-referenced reports on .S, trade
in environmental goods, which track & basket of 43 climate-friendty
environmental technofogy products, confirm this broad trend through
2009, See “{LS. Trade in Snvironmental Goods: Updated Report to Major
Oppartunities and Chalienges ta U S, Exports of Environmental Goods”
{Washington: Office of Senator Ron Wyden, December 2010},

Google and Good Energies, an investment fiem specializing in renawable
enprgy, each agreed to take 375 percent of the equity portion of the
transmission fine project af 2 cast of $200 million each. Envision:
Chariotte is a first-of-a+kind coflaborative partaership among major
employers, buifding owners and managers atong with municipat and
technology jeaders to create the most enviconmentsily sustainable
urban core in the nation,

See, for example, Rebecca Headerson and Richard G. Nawell,
“Introduction and Sumemary.” in Rebecca Henderson and Richard G.
Newell, eds., Accelerating Energy Innavation: Insights from Multiple
Sectors, {Cambridge: Nationat Bureau of Economic Research,
forthcoming). Avaifable at wivw.nberong/books/hend09+1/. This sort of
argument has lso been made by Richard Kauffman in "Has China Won
the U.S. Solar War? Hufington Post, January 19, 201, See afso Richard
Newell, “The Rofe of Markets and Policies in Delivering thnovation for
Climate Change Mitigation,” Oxfrd Review of Economic Pelicy 26 (2010):
253-269.

See, Michast Porter, The Competitive Advantags of Nations (New York:
Free Press, 1990,

Ta be sure, narrow segments of the ciean econoray, Such as energy-
saving consumer products, green buliding materials, or sofar
photovoitaic, face very specific market making chaflenges and it is
beyond the scape of this report to go into detai for each of those. The
report attempts to highiight some high tevel, safient problems that
impede the growth of the entire ciean economy ot signiticant chunks ot
it

See, for example, Greanstone and Lacney, “A Strategy for America’s
Energy Future

Ses, for exampie, Newell, “The Rofe of Markets and Palicies.” See also,
Carolyn Fischer and Richard Newell, "Envifonmental and Technofogy
Poicies for Climate Mitigation.” Joumal of Environmental Economics
and Managemsnt 55 (2) (2008). And, Caratyn Fischer, “The Role

of Technolagy Policies in Climate Mitigation.” issue Brief #39-08
(Washington: Resources for the Future, July 2009).

See Bloomberg New Energy Firance, “Crassing the Valley of Death”
{New York, 2010) for a discussion on hiow governments, as fitst adopters,
a0 play a direct role in fostering clean technologies.

#ate Manuel and L. Etaine Halchin, “Environmental Considerations in
Federst Procurement: An Overview of the Legal Authorities and Their
tmplementation,” CRS Report for Congress (June 2010), There is also
the prablem that environmental objectives compete with other paticy
abjectives and interests such as obtaining high quality goads at iow
prices through competition, protecting American manufacturing from
foreign competition, and ensuring oppartunities for small businesses.
See aiso Eric Fischer, “Green Procurement: Overview and issues for
Congress,” (Washington; Cangressional Research Service, Apeil 2010%,

See Blair Hamilton, “Deveioping Effective and Sustainable Financing
Approaches.” in Scaling Up Buiiding Energy Retrofitting in U.S. Cities
VT institute for fes, June 2009).
See also, Merrian Fulter, "Enabling investments in Energy Efficiency: A
Study of Pragrams that Efiminate First Cost Barriers for the Residentiat
Sector” (Buriington, VT Efficiency Vermont, August 2008). See Derek
Supple, "Financing Models for Energy Elfficiency and Renewable
Energy in Existing Modsis” (Mitwaukes; Institute for Building Efficiency
and Johnson Controls, September 20101, Johnson Cantrofs and the
internationat Fatility Management association (FMa) surveyed aver
1400 executives with budget responsibility for their company’s facifities
during the spring of 2009. When asked what the top barrier for energy
etficiency was, the most frequent response amongst managers,
consistent acrass & wide variety of industries, was capital availabifity,

Oeep ensrgy retrofit packages can cost anywhere from $6,000 to
520,000 per home and requie longer financing with terms of 10 to

20 years. Direct cash incentives such as rebates and grants do not
completely cover the full upfront cost of clean enerqy investment, in this
regard, many states, municipaiities and uliities are continuing 1o offer
traditionat financing programs (e.g., revolving loan funds, energy savings
performance contracting) and experiment with innovative financing
mechanisms {e.g.. utifity eo-bilf financing, property assessed ciesn
enerqy) that can operate in paraitel with rebates and grants, jowering
the cost of the project and shortening the payback periad for financing.
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However, these financing programs have alsa not been widespread ar
designed to offer a large aumber of oans and come with thair own
specific challenges in design and implementation. For a review of various
clean energy financing mechanisms, see Devashree Saha, Sue Gander,
Greg Dieckers; “State Clean Energy Financing Guldebook” (Washington!
National Governars Association Center for Best Practices, January 204,

ARRA reprasents a one-time historic infusion of funds that is expected
10 be temparary. For instance. DOE funded the State Energy Program
{SEP) at $25 mitlion each in £¥ 2009 and FY 2010 in SEP formula
funging, and ARRA provided §3.1 bilfion for SEO formula grants. For
£Y 201, SEP received $50 miion, with $39 miltion of that amount

in formuta funding and the rest in technicat assistance support. DOE
Tunded the Weatherization Assistance Program (WAP) at $250 milion
i £Y 2009, and ARRA provided §5 billion, For FY 2011, WAP received
$174.3 mittion. See www.niaseo.0rg/news/releases/201-05-20 pif.

For an overview of the charactaristics of the water and wastewater
sector and the challenges it faces see Haarmeyer and Coy, "An Overview
of Private Sector Participation™

See, for instance, Marilyn Brown and Sharor: Chandier, "Governing
Contusion: How Statutes, Fiscal Policy, and Requlations mpede Clean
Energy Technologies." Stanford Law and Policy Reviews 472 (19) (2008},
See also Benjamin Savacool and Chistapher Cooper, “Congress Got

1t Wrang: The Case for a National Renewable Portfolic Standard and
tmptications for Policy,” Environmental and Energy Law and Policy
Journal 85 (3) (2008); and Lincoln Davis, "Pawer Forward: The
Arguement for a National RPS,” Connecticut Law Review 42 (5}

Cluty 2010},

Richard Lester and David Hart, "The Great Unioching: & Comprehensive
Energy innovation Strateqy for the U5 Discussion draft (ndustriaf
@ Center, institute of Technolagy, 201

The Senate Committee on Energy and Natucal Resources (ENR) reledsed
& Clean Energy Standard White Paper in March 201 that lays out key
questions and potential design efements af a CES. The white paper
soficited inputs from to infarm the earty ofa
nationat CES by the ENR Committee, Fot more detaifs, see www.energy.
senate.gov/public/_fites/CESWhitePaper.paf. However, it dues not seem
likety that 3 clean energy standard" is forthcoming anytime soon. See,
for exampie, *Outiook Bleak for Passing CES, Repeating O Subsidies -
Bingaman.” Greenwirs, May 16, 2011,

The Center far American Prograss and the Coalition for Green Capital
have advanced the concept of “races to the top” in the clean enecgy
reatim in Bracken Hendricks and others, “Catting the Cost of Clean
Energy 10" (Washington: Canter for American Progress and the
Coaition for Green Capital, 2015,

The greening of federal activities and the use of federal procurement fo
create stable market demand has bean an oblect of bipartisan interest
in both Congress and the executive, through both Republican and
Bamocratic sdministrations. More recentty, in response to Executive
Order on Federal Leadership in Environmental, Energy, and Econamic
Performance {£Q 13514) signed by President Obama in 2009, federal
agencies have released Strategic Sustainability Performance Plans that
outting how they will achieve the eavironmental, anergy, 3nd economic
‘goals set forth in the execative order. This is the first ime that federal
agencies have developed and submitted detaited sustainability plans.

For a discussion of huw energy and environmental innovation has
been driven by Department of Defense procurament thraugh hoth the
Bush and Obama administrations, see Matthew Hourihan and Matthew
Stepp, "L#an, Mean, and Clean: Energy lnnovation and the Department
of Defense™ (Washington: Information Technology and Innovation
Foundatior, 2011

More ambitious reforms would make an even bigger difference. For
instance, Congress shouid hefp strengthen FERC's authority 1o promote
these reforms and make electricity markets more competitive by
revising the Faderat Power Act.

States have taken action in several policy areas that are driving the
demand for clean energy investment, 36 states have renewable portfofia
standards of goals and 24 states hiave energy efficiency resource
standards or goals, 43 states have adopted a net metering paficy and

41 states have adopted an interconnection poficy. 21 states have public
henefit funds (PBFS) supporting energy efficiency and 16 have PEFs

for renewable energy. 1f states have adopted the most recent buitding
energy codes or more stringent codes in the residential sector {IECC
2009) 15 have done 50 in the conwnercial sector (ASHRAE 901-2007).
47 states have one of more tax incentives supporting renewable energy;
24 states have ane or more lax incentives directed at energy efficiency.
For more information, see Rachel Escabar and Sue Gander, “Clean and
Secure State Energy Actions ~ 2010 Undate” (Washington: National
Govarnors Association, August 2010). See aiso the Database of State
Incentives for Renewables and Efficiency (DSIRE) Summary Maps,
avaitable at wwwdsiseusa.org/sumemarymaps/indexcfm,

As state RPS experience accumulates, studies have begun to evaluate
RPS impact and eftectiveness. See Langniss and Wiser, “The Renewable
Partfalio Standard in Texas: An Early Assessment.” Energy Poficy 31 6) .
(2003). This stuty reports positive initial resuits from the estabiishment
of RPS in Texas. See afso Cariey, “State Renewable Energy Efectricity
Poficies: An Empirical Evatuation of Etfectiveness,” Energy Policy 37 (8)
(2009) and Powers and ¥in, “Do State Renewable Portfalio Standards
Promote inState Renewable Generation?” Enerqy Policy 38 (5} (2010
Both studies credit RPS impiementation with increasing total renewable
energy generation across the nation. More recently, the implementation
over time of RPS standards has been credited with significantly
expanding instafied wind capacity in both Colorado and Texas. instalied
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wind capacity graw by 8 factor of five between 2004-2007 aftes
Coloratie’s RPS came into effect in 2004, and similariy Texas witnessed a
auintupling of installed capacity in the foer years following the passage
of its RPS in 2005. See Joshua Freed, Efizabeth Horwitz, and Nicholas
Cunningham, “A Clean Energy Standard: Getting the United States Buck
into the Clean Energy Race” (Washington: Third Way, March 201

Exampies of states that have ratcheted up their efectricily sourcing
targets inchude Catorado, which has twice updated its RPS, and

Nevada, which increased its RPS target in 2009. Resource efigibility
has expanded beyond traditionat renewsble energy Fesources to Covar
energy efficiency and other suppiy-side technofogies, For 3 more
detailed discussion on state revisions of RPS, see Ryan Wiser and Gafen
Basbose, "Renswable Portfolio Standards in the United States: A Statas
Repor! with Dats Through 2007" (Berkeley: Lawrence Berkefey National
Laboratory, 2008). For background on state-by-state RPS coverage
visit the Pew Center on Global Climate Change al sweipewclimate.orgf
what_s_being_dons/in,_the_states/rps.ctm.

States have been feveraging their procusement power to drive the
clean economy revolution through advanced energy efficiency and
renewable energy requirements for new and existing publicly funded
Builsings, faciities, and flests; enerqy efficient and green product
procurement (or instance, requiring a¥ appliances and equipment
purchases to meel the ENERGY STAR requirement); and using renewable
snergy 2ither through generation a7 public facilities ar on public
fands, of by Purchasing renewabie energy directly from the electricity
provider in what is populariy caliad green power purchasing. For more
detaits on state best practices. see Maria Effingsen and Lesiey Munter,
“Compendiurn of Best Practices: Sharing Locai and State Successes
in Energy Efficiency and Renewable Energy from the United States”
(Renewabte Energy and Energy £fficiency Partnership. Afiance 1o Save
Energy, and American Council on Renewable Energy, May 20103, See
atso Alison Pattin, "Greening State Sovernment: "Lead by Example’
Initiatives” (Washington: National Governors Association, July 2008},
For further details on how states can maximize their efforts by designing
comprehensive programs, see U.S. Environmental Protection Agency,
“Ciean Energy Lead by Examote Guide” (June 2009). Available at www.
i _lbe_fuil pof. See atso
ACEEE, “How State Governments can Lead by Example” al www.aceee.
org/fites/pofftact-sheet/State% 20 Toolkit_Lead%200y¥20E xample pdf.

See Saha and others, “State Clean Enetgy Financing Guidebook.” The
Department of Energy’s Sotution Center highiights nine particularly
effective financing mechanisms: state and runicipat sevolving foan
funds, third party Soans, energy savings performance contracting,
proverty-assessed clean energy, onbi repayment, energy efficient
mortgages, power purchase agreements, FHA Power Saver, and gualified
energy conservation bond programs. See wwiwl.eere engray.gov/wip/
bt

American Wind £ nerqy Association and Solar Energy Idustry
Association, “Green Pawer Superhighways Building s Path to Ameriea’s
Clean Enargy Fulure™ (2009); Wiiliarm W, Hogan, "Electricity Wholesale
Market Design tn @ Low Carbon Tuture.” in Jorga Paditia and Richard
Schmalensee, 8ds. Harnessing Renewable Energy (Washington:
Resaurces for the Fulure Press, 2040).

See. for instance, the IEA'S report praviding guidance to Jocal
poticymakers to enhance the deployment and use of fenewable energy
resources within their grographic boundaries. nternational £pergy
Agency, "Cities, Towns and Renewatie Entergy: Yes in my Front Yacd,*
12009).

See the Playhook for Green Buildings avoitable at wwsw.greenplaybook.
org/bulicings/index hm

For instance. the glabal €40 Cities Cimate Leadership Group, chaired
by New York City Mayor Bioomberg, recentiy refeased its fiagship
report in which 36 global cities-inchuding Austin, Chicago, Los Angetes.
New Orieans, New York, Philadelphia, Portiand, Seattie, and San
Francisco-gisclose their carbon emissions, The report wil inform Cities”
emissians-reduction efforts and establish a benchmark for judging the
effectiveness of gresent and fulure polices. KPMG Advisery NV, "COP
Cities 2011 Global Report on C40 Cities,” repart prepared for €40 Cities
Climate Leadership Graup (2O

See, for example, BIEF, “Crossing the Valley of Death"
Ioid.

Clear anatyses of the "commerciafization Valiey of Death” ca0 be found
in BHEF's "Crossing the Vatiey of Death” and Efiot Jamisen, “From
Innovation to Infrastructure: Financing First Commercial Clean Energy
Projects” (San Francisco; CaICEF. 20°0).0.

The Sotar Energy industries Association, for one, has compiained abost
tong pracessing delays associated with the Loan Guarantee Program’s
mudti-agency review process as well as recent budget-related “holds" on
Dending applications. See Safas Energy fndustsies Assoriation, www.seia.
argalieries/FactSheets/Factsheet_DOE_LORPAf as well as wwww seid.
1a_Letter_to_ tonai_Leaders_on_LGP_5150,

df.

Jaemison, “Fram innovation to Infrastructure.” See also Jenny Mandel,
“Loan Guarantea Progranys Financial Rigor Slows it Down.” E4E News
Aprif), 201,

For 3 good discussion of these and other faws in the strucfure and
nature of renewable energy subsidies see Nate Gorence and Sasha
Markier, "Reassessing Renewable Energy Subsidies” (Washington:
iportisan Policy Center, 209,

Originatly enacte in 1992, the PTC has been renewed and expantied

&
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numerous times, most recentty through the Energy hmprovement and
Extension Act of 2008 and the American Recovery and Reinvestiment
Act (ARRAI of 2009, Through ARRA, Congress acted 1o pravide » three-
year extension of the PTC through December 24, 2012, Wind projects
st be in place before January I, 2013 and other projects in general
hefore January i, 2014, For more getails. see American Wind Energy
Association, "What is the Cusrent Status of the Production Tax Credit”
Avaiiadte at www.americanwindenergyassociation.net/ei_poticy_pte

ctm. The ITC simitarly has gone through several revisions, most notably
theough the Energy Improvement and Extension Act of 2008 and
subsequently under ARRA. Thotgh ARRA, usialifying wind projecis can,
for a limited time, choose batween a 30 percent ITC of & 30 percent cash
grantin fieu of the PTC

For background o CEDA. see Senate Committee an Energy & Natural
Resourees, “The 21t Ceatury Energy Technology Deplovment Act”
(4prit 2009}, Available at wiww.eneigy.senate.govipublic/_files/
CEDAORePageSummary.pdf, For more recent arguinents in Support
of CEDA see the lestimanies of Dan Reicher, Christopher Guith,

and Kassia Yanosek before the Senate Energy & Natural Resources
Cammittee on May 3, 201 Avaitasle at www.energy.senste.gov/public/
index H

bBbT-cad3-claa-e4T2atT1291. For discussion of e so-called Enecqy
Independence Trust mode! see Hendricks and others, "Cutting the Cost
of Clean Energy 10." Far discussions of capital repatriation schemes

a5 sources of mvestment tinance see Reed Hundt and Thomas Mann,
“Rebuile American infrastructure? Companies' Ofishore Profits Can
Help,” Washington Post. June 16, 201 and Eiise Zo¥ and Peter Rothstein,
“Repatriation o Accelerate Clear Energy (RACEY. New Private

Capital for Cleantech Investment and Deptoyment on 3 Pitot Scate.”
rasentation, Aprit 22, 201,

For discussions of the need 1o restructure renewable energy investment
incentives see Steven Hayward and others, “Post-Parlisan Power”
(Oawdand: The Breakihrough tnstitute, 2010) and Gorence and Mackier,
“Reassessing Renewable Energy Subsidies,” which provides a sich
discussion of the probients, potential soivtions. and the pofitical
moment

Gosence and Mackler, “Reassessing Renawable Energy Subsidies”
provides a detailed discussion af reverse auctions,

for information on Coanectitul’s prograims see the COA's technology

oriented expansion finance programs see www.cteda com/Financing/

Speciaty_Pragrams/TECHNOLOGY_INTENSIVE. For mare information

on the California aiternative vehicle program see the California Energy
ission website at bt

This concept is described i Jamison, “From inovation to
infrastructure.”

See BREE, "Cassing the Valley of Death.”

On the general importance of itnovation to ecanarmic grewth see
Robert Atkinson ans Howard Wial, “Boosting innovation, Productivity,
and Growth Through 5 National innovation Foundation” (Washington
Brookings Institution. 2008). See aiso, on the enerqy field. ant Richard
Newell, "A U.S. tanovation Strategy for Climate Change Mitigation”
(Washingtoo: Brockings Institution / Hamiiton Project, ZO0B). James
Dugerstast and others, “E nergy Discovery-nnovation Jnstitutes: & Step
Sowards Amenica's Energy Future” (Wasbington: Brookings fastitution,
2009% and Hayward and others, "Post Partisan Power™ and Hourihan
and Atkinson, “inducing Innovation.”

See, among many others, Duderstadt and others, “Energy Discovery-
Innavation Institutes” and Hayward and othets, "Post Pastisan Power”
I the energy field, the “levelized” costs of new revewable efectricity
techy comain highat than ool anid
natueal gas-fired fossit power plants. accarding to the U.5. Ensrgy
tnformation Administration. For plants entering service in 2016,

these estimates suggest thot whits the costs of conventional coal-
fired) plants going anfine in 2016 would come in 2t about $95 per
megawalt bour (MWN), Ehose for anshore wind generation clock in at
S97, for geothermal at SIOL and for agvanced nuclear ol S3. Solar
BV penesation wil run to $211 offshore wind $243, wnd sofar thermal
10 $312. See U.S. Department of Eoergy, "2016 Levelized Cost of New
Generation Resources from the Anoual Energy Outlook 2010” (Epergy
Intormation Admimstration). Avallable at sww.eia doe.gov/oiatago/
stectricity_genesationhtmi, The Internationa) Energy Agency similarly
writes that "a global revolution is needed in the ways that ensrgy

s suppiied and used” and outlines delailed roadmaps for both the
wcremental and dramatic innovations pecessary 1o enable “alt countries
to put In motion 3 transition to 3 more secure. lower -tarbon energy
{systesm. without undernining economic growth.” intesnational Energy
Agency, “Energy Technology Perspectives 2008” (Paris, 2011

For an early seview of the tersture see David Mowery and Nathan
Rosenberg. "The influehce of Market Demand upon lnnovation: A Criticat
Review of Some Recent Empirical Studies.” Reseacch Policy 8 (2) (1979).
More recent treatments of the inferplay of “induced” and “pustied”
innovation inchude: Adam Jatte, Richard Mewel, and Robert Stovins,
“Environmental Policy and Techaclogicat Change,” Environmental
anct Resource Economics 22 (12) (2002 hdasm Jaffe, Richard Newet,
ang Robert Stavins, "A Tate of Twe Macket Failures: Technology and
Environmental Policy.” Ecological Feonomics 54 (2005): 164-174; Gregory
. Tec! o eg tncentives
for Non-Incremental Technical Change,” Research Policy 38 (2009)
TOO-709: s0d David Popp, Richard Newel, and Adam Jaffe, "Energy, the
Enwironment, and Technolagical Change.” Warking Paper. (Cambridge:
National Bureau of £conomic Research, 2009 See also Duderstadt
and othess, "Energy Discovery-innovation institutes:” Haywasg
ang offiers, “Post Parlisan Power; and Malt Hourihan and Robert
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Atkinson, “Inducing Innavation: What a Carben Price Can and Can't Do”
(washington: information Technology and Innovation foundation, 201)

Among the numerous market faitures and barriers that prevent private
fiems from adequately ivesting 1n the development of new, high-risk
energy and enviranmmental technglogies and business modeis are:

the high relative price of new technolomes: knowsedge spiflover Fisks;
uncertainty about the present and future regulatory eavironment and
prices; the heavy requirements of new infrastructure required by many
new energy technsiogies; and the scale and long time-harizon of many
orajects. See Marilya Brown, "Market Faitures snd Barriers as A Basis
for Clean Energy Paticies.” £nergy Poticy 29 (2001); 197-1207; Jatfe and
others. “A Tale of Two Market Fasiures:” Atkinson and Wiat, “Boosti

reauested financing for Energy Ianovation Hubs 1n Right areas: sinart
qrid. solar electricity, carbon apture and starage, estreme materials,
batteries and enerqy starage, energy elficiency buitdings, auciear
nergy, and fuels fram sualight. Thus far, thiee hubs have been
taunched: the Energy-EHicient Buildings System Design Hub run by

the Greater Philadelphia Innovation Cluster (GRIC), led by Penn State
Uaiversity: the Fuels from Suntight Enerqy innovation Hub run by

the Jaint Center for Arificial Photasynthesis, led by Caltech; and the
Nuctear Energy Modeling and Simulation Eaecgy lnnovation Hub run
by the Oak Ridge National Labacatory. For defails, see wwwrenergy.gov/
nubsfiades.nte,

For genecal information on the WITC, visit www.epa.gov/wtic/ndex htmi,

Productivity;” and Duderstadt and cthers, “Eaergy Discovery
Institutes

See, for example, Newatl, "A U.S. innovation Strategy for Climate Cnange

Mitigation” and Duerstatt and others, “Energy Discavery-Innovation 58.

Institutes.” See aiso American Energy Inngvation Cauncil, “ Business
Plan for America’s Energy Future” (Washington, 2010); President’s
Council of Advisors 0n Science and Technology, “"Report to the President
on Accelerating the Pace of Change in Energy Technologies Through an
tategrated Fegeral £nergy Policy” (The White House, November 2010%;
and Heyward and others, "85t Partisan Power,

K.S. Gallagher and L.D. Anadon, "DOE Budget Authority for Energy
Research, Devetopment, and Demonstration Database.” Energy
Technolagy tnnovation Policy, John £, Kennedy Schoot of Government,
Harvard University, March 3, 2011, Figures reported are the sum total
of the “Total Energy Technofogy RD&D" and “Basic Enerqy Stiences” o
budgats in 2005 coflars, The assessment here includes Basic Energy

Sciences (BES) twhile athers do not) because BES funds some of the
Department of Energy's most inaovative programs beyond ARPAE tike

the Energy-Regianal Innovation Clusters (E-RIC) and Enerqy Frontier &
Research Caters (EFRCS), in addition to energy-retated fundamental
research at institutions across the country, Other transparent and

similarly legitimate Labulations chocse to exchude BES and asrive at

fower estimates of enerqy R&D accordingly. The Ecergy Innavation

Tracker at hitp/fenergyinnavation.us/ is a particularly good resource. It
should be nated too that the Recovery Act has already pumped over $22
bitiion into the thirs and growing "D:” deployment.

See Duderstadt and athers, “Energy Discovery-lanavation institutes”
and American Energy Innovation Council, “A Business Plan for America’s
Energy Future” See aiso Mark Muro and Sarah Rahman, "SIS bitfion: The
New Energy Targel.” The Avenue. a biog of The Mew Repuniic, November
2, 2009,

Qeganization for Econamic Cooperatian and Development iLibrary,
“Government Budiget Appropriations or Outiays for RED by
Sacioeconomic Objective” accessed May 1, 20H and available at wws
oucd-lfibrary.orgfstatistics. Includes federat energy research and
development (and exciudes demonstration) speading as reported by
member countries to the OECD. International comparison oply avaitable
through 2609,

The National Center for Science and the Environment’s “Handbook of
Federat Funding for Environmental RED « FY 2011" tallies $9 bitfion

in totai fedaral eaviconmental R&D funding in 2010 spread atross 1l
agencies-a considerable number. The iargest sponser of envirenment-
related RED is the Department of Energy, whase efforts encompass
mainly renewahble energy and energy efficiency projects meant o reduce
the environmental impact of energy production and consumption, which
have been grawing swiftly since 2006 bilt we cateqorize as energy RED.
Much of the RED canducted by other significant sponsors Fke NASA,
NOAA, and NSF we consider basic research rather than applied RED,

The subtle distinction here is between invaluable basic tesearch into
ow the camate js changing from NASA and NOAA, and more market-
oriented applied research into and development of techroiogies (hat can
mitigate change. for exarple, This reports focus on the production of
qoods and services with an enviconmentat pirpose aligns clasest with
EPA's RED portiotio, though surely spillover benefits accrue from the
Department of Defense’s efforts to reduce its environmental impact and
the Department of Agriculture’s waler mansgement inagvations, for
exampie, as well

Organization for Economic Cooperation and Development iLibrary,
“Government Budget Appropriations or Dutlays far RED by
Socioeconomic Objective,” accessed May B, 2011 and availahie 3t ww.
oecd-ilibrary.org/statistics. Includes research and develcpment spending
with an enviconmental chjective, 35 reported by coualsies to the OECD,
tnternational comparisons anly avanable through 2009,

See Dan Kammen, “The Case for State ROSD Programs,” presentation
made at te National Governors Assocration State Workshoo an Clean
Energy Research, Develapment, sad Demonstration (March 2608).

2
See Jim Duderstadt and others. “Energy Discovery-innovation

tnstitutes.”

In August 2009, the DOE established 46 Energy Frontiar Research
Centers comprising universities, nationaf laboratories, non-profit
organizations, and for-profit firms. These Centers were Tunded at $2-5 &
mition per year for a S-year initial award period. for mare wfarmation,
see DOE's Enargy Frantier Research Centars wehsits at wwwerdos
qov/bes/EFRC index itmi. Modeled after the Department of Defense’s
Defense Agvanced Research Projects Agency (DARPA), the DOE's
ARPAE program was created by MR, 364 in 2007 but onty aliacated

a buddel of $400 milion in April 2009 through ARRA. Like DARPA,
ARPAE identifies game changing ideas and funds them, At least six
ARPA-E projects, ranging from solar and wind to advanced batteries
fave gene on to win additional backing from venture capitalists. For
more details, see www.arpa-e.energy.gov/. In FY 2610 budget, DOE

6
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5

See also " Jackson, SBA Mills Apaounce
taunch of Water Technoiogy innovation Cluster” (.S, Environmentat
Protection Agency Press Release, January 18, 2010

See www.eesiorg/fy-201-budget-compromise-cuts-funding:
eswironmental-energy-progeams-19-apr-204

The Obama administration’s FY 2012 budget request includes $100
eniftion to cantinue supporting he 46 Energy Frontier Research Centers;
$550 mattion for ARPA-E: and $146 mitiion to support the three existing
Enerqy innovation Hubs and to establish three new Hubs in the areas of
batteries and energy stocage, smart grid technologies and systems, and
critical materials, See wew energy gov/news/ 10064 htm.

For information en the Clean Energy lnnovation Consortia proposal see
www.energyinnovationconsortia.org/.

For the concept of a Water Innovation Ceater, see G. Allen Burton and
everaging the Great Lakes Region's Water Assets for Sconomic
Washington: Brookings Institution, 2010).

For discussion of these and other revenve ideas see Hayward and
others, “Post Partisan Power” aad the President’s Council of Advisors on
Science and Technology, "Report to the President on Accelerating the
Pace of Change in Energy Technolagies Thcaugh an integrated Federal
Energy Paticy” (Washington: 20101, See also Hundt and Mann, "Rebusld
American intrastructure?” and Zoki and Rothstein, "Repatriation to
Accelerate Clean Energy.”

For backgrouad on state efforts in cloan energy RDAD. see Danie!
Karmmen, “Opportunities for States in Clean Energy Research,
Devetopment & Demonstrstion,” (National Gavernars Association,
2008). Tris report identifled nine states as noving dedicated

ciean energy RDSD funds: Californta, Connecticut, Flarids, Hiinofs,
Massachusetts, Minnesota, New Jersey, New York, and Wisconsin, See
alsa Escobar and Gander, “Clean and Secure State Energy Actions.”
which tists state-by-state actions on ciean energy RDED between

July 2008 and May 2010. State efforts in ciean energy RDSD can be
broadiy cateqorized under direct investment in research; supporting
incubators. establishing seed funds to bridge funding gap between

1ap research and venture Tunding; and supporting demonstration
prajects. States direct invastment in research is mostly achieved
through the creation and fuading of research centers within state
universities. Exomples include the Florida Solar Energy Research
Centes, Oregan’s Built Environment & Sustainabie Technologies Center
{BEST), South Dakota's 2010 Research Ceaters, and Virgini's Coastat
E£nergy Research Consortium (VCERC), States slso provide support to
cieantech incubators that provide guidonce, technical assistance, and
cansultation to companies to heip them develap and commerciafize
ctoan technologres. Examples of this include the Coforada Coflabaratory
and NYSERDA's Clean Energy Business Incubator program. Moving along
the cleantech RDED continuum, states also provide seed funds ta hefp
companies develop and commercialize their producls and services.
Some state examales are: Jowa Power Fund supporting research,
development, commercializatian, and depioyment of biofuets, renewable
enerqy technologies, and ensrgy efficiency technologies: MassCEC's
Investments in the Advancement of Technology program that makes
venture capital equity investments in promising early-stage clean energy
companies that are developing 2nd commercializing technologies;

and the £dison Innovation Clean Energy Fund that helps New Jersey
companies in demonstration projects and developmental and anciiary
activities necessary to commercialize energy efficiency and renewabie
eaergy technotagies. Typica state awards in this cateqory can range
aaywhere from SIGC,000 up to SEG0,000. Finaliy, same states can
maintam gedicated grants and awards suppacting demonstration
srojects. These inciude the Connecticut Clean Energy Fund's Operational
Demonstration Program; the Delaware Green Energy Fund's Technaiogy
and Demonstration Program; Massachusetts’ Catatyst Program; and
South Carolina's Renewabie Engrgy Grant program, which provides
matehing grants for demenstration projects, Awards tor demonstration
projects can range from $40,000, as i the Massachusetts example, to
$500,000, a5 in the Connecticut example,

For background on the state clean energy funds, see Lawis Milford
and others, “Clean nergy and Econamic Devefopmant: Haw Existing
and New State Clean Energy Funds Could Become the Engines of
Job Grawth, Industry Creation, and Exports” (Washinglon: Brookings
Institution, forthcoming)

Deutsche Bank Climate Change Advisars, in a similer discussion,

arques that ™ TLC™-transparency, longevity, and certainty~drives
investrent.” They say: “lovestors need fransparency in poficies o create
understanding ant a fevel playing field. Longevity means policy has ta
match the timeframe of the investment and stay the course. Certainty
cefers to knowing that incentives are financeabie and can be trusted

in the financiat return calculation and again are itkely to be maintained
aver the course of the investment, TLC Should result in 2 fower cost af
capital for projects whife Stit delivering a fair and market-related return
to capital.” See DBCCA, “Investing in Climate Change 200,
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They do this by laciilating dense knowledge fiows, the sharing of

vital resources, and the matching of specislized workers to tirms, I

one infiuential discussion, the brbat econormist Gilles Duranton has
identified three mechanisms by whch cluslers work: learning, sharing,
andt atching. Learning is faciitated in clusters as workers shace
knowledge with one another, switch firms, or create start-ups after
{eaving an older firm. Clusteced firms share 3 number of potentiatly
vital resources fike specialized suppfiers or ciients, organizations

{e.g. university departments, research organizations, grant-making
foundations), infrastructure te.g. roads, ports, and even offite buildings),
Tabor. training programs, and a favorabie policy eavironment. Finalfy, in 3
clustered emviconment, it s easier for workers to match their specialized
skifls with the right firm or vice versa, See Gilles Duranton, Phitpoe
Martn, Thierry Moyer, and Floran Mayneris, The Econornics of Clusters
Evidence fram France (Oxlord: Oxford University Press, 2010}

For mose extensive discussion of the significance of regional industey
ciusters see, amang ather iterature, Mark Mura and Bruce Katz, "The
fiew "Cluster Moment” How Regionat Innovation Clasters Can foster the
Mext Economy” (Washingfon: Brookinys tnstitution, 2010),

For a discussion of the nature and economic iinpartance of regional
industry clusters see Muro and Katz, “The New "Cluster Moment.”

For a review of recent federdi cluster offerings see Muro and Katz. "The
New " Cluster Mament.™ Note that “clean” and "green” initiatives have
figured among the winners of several of these initial offerings. Thee

of the 10 “Innovation Economies” that received SBA Regional Cluster
tnitiative pilol grants last fall involved ciean industries. These ranged
from the Carolinas’ nuciear Clsster %o Connectizut's hydrogen fuel cell
coaiition and the Kfinois Smart Grid cluster, Likewise, the Oregon Buitt
Enviropment and Sustainable Techrologies Center is a partper i one of
the six consortia that won EDA's i6 Chalienge.

For information on the Energy Ragional lanovation Chaster for efficient
buitdings systems. see
on the i6 Green Challenge, see www.eRergy.oow/news/ 10169 hm.

Fat information on various cluster or region-focused state clean
econarmy deveiopment initiatives, see the foliowing websites: Coforato
0rg7; New York: wivw.s org/
publications/Z010_Strateqic_Pian.odf; Dregan: www.oregonbusinesspian.
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In £Y 2040 the EDA. SBA, and USDA made avaitable less than $150
million in smal grants for regional innavation clustess ErOgraMMIng,
in that year, the £0A teceived 83 applications for grants under the i6
Challgnge and made six awards, This spring, the agency had by early
May received 140 latters of intent fc. apply for the i6 Green Chaltenge,
which wifl also make just six awards Correspondence with John
Fernandez, EDA administrator, April 29, 201! and May 2, 201

Duderstadt and others, “Energy Discovery-fonovation institutes.”

For 2 view of these matters across multiple sectors see Mark Mura
anst Kenan Fikri, “Job Craation on a Budget: How Regional Industey
Crusters Can Adg Jobs, Bofster £atrapreneurship. and Spark nnovation”
cwashinglon: Brookings Institution. 2010

One-third of the current 490,000 jabs in the electric power industry wil
tecome vacant by 2013, following 2 wave of baby boomer setirements,
aind witl need to be replaced with weittiained workers skilled in various
clean energy technoipgy operation. See the National Commission

on Energy Policy, “Task Force on America’s Future Energy Jobs”
(Washington: Octeber 2009). A Lawrence Serkeley National Labosatory
report projects a two- to four-fold ingrease in the size of the energy
efficiency sertor between 2008-2020, with workforce need reaching

3 220,000 persen-year equivalent (PYE) in  low grawth scenario to @
380.000 PYE in a high growth scenario in 2020. See Charles Golgman,
Jane Peters, Nathaniel Abers, Efizabeth Stuart, and Mercian Fuller,
“Energy [fficiency Services Sector: Workforce Education and Teaining
Needs” (Berkeley Lawrence Berkeley Nationai Laboratory, 2010, The
American Sofor Energy Society estimates that renewable energy and
energy efficiency sectors combined would grow from 9 miion in 2007
1016.3 miltion jobs by 2030, assumming no new federal-feve) clean energy
poticy initiatives. See Roger Berdek, “Green Coliar Jobs in the U.S. and
Cotorado: Economic Drivers for the 2ist Century” (Boulder: American
Solar Energy Society, 2008}

See Michawt fletcher, "Retrained for Green Jobs, but sttt waiting on
work” The Weshington Post. November 22, 2010, See afso, Abby Gruea,
“N.J Green Jobs Creation Siow, Desite Grants.” The Newark Star- Lecgen
Apri 7, 2010, Aczording 10 3 recent state-backed University of California,
Berkeley report, California's job market in the energy efficiency sector
widd remain tighl through 2020 and, rather than funding training
programs fos new workers, the focus should be on upgrading the
energy efficiency skills and knowledye of the incumbent workforcs, See
Caral Zabin and others, "Cafifornia Worktorce Education & Training
Needs Assessment” (Donald Vias Center on Employment in the Green
Economy. University of Caitornia, Berkefey, 2011). Tha concerns about
“too nany workers, 100 few jobs” seein especially troublesome in the
backdrop of significant infusion of ARRA dofiars o5 purpose of job
training and prepariig workers for careers in tean ecanomy. Through
ARRA, the Department of Labor has allolted $500 miftion, across

five categories, for clean energy workforce training. The Department

of Energy has provided up to $100 mittion for smart gridf worklacce
training. In addition. many states are siso using portions of their State
€nerqy Program and Weatherization Assistance Program funding for
clean energy workforce training, For more delails, see Devashree Saka,
“Eahanting State Clean Energy Workforce Training to Meet Demand”
(Washington: National Governor's Association Canter for Best Practices,
2010)
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See, for example, Nationat Commission op Energy Pobicy, "Task Force
on America’s Future Energy Jobs” and Saha, "Eanancing State Clesn
Energy Worktorce Trawing 1o Meet Demand.”

For background on tha “regional innovation program’ included in the
AmaricalOMPETES reauthorization act last year, see Mark Muro,
“AmericaCOMPEYES: Pass &, Nevertheless.” The Avenue. a diog of The
New Republc, Decemper 24 2010,

For broader discussians of the regional or metropolitan focus of the US.
economy. see Bruce Katz, Jenniter Bradiey, and Amy Liu, "Delivering the
Next Economy: The States Step Up (Washington: Brookings Institution,
2010) and Bruce Katz ang Jennifer Bradiey, "Metro Connection.”
Oemocracy 20, Spring ZO11

Far moce comprehensive discussions of federal, state, snd regionat
chuster dynamics and poiicy see Murg and Katz, "The New "Cluster

Moment,” and Mura and Fikri, "iob Creation on Budget”

Muro and Fikri, “Job Creation on Budget” outlines one possible design
for & competitive state cluster grant program.

A8l of the discussion of the regional anatysis and coordination agenda
draws hesvily on Muro and Katz, “The New *Ciuster Mament,™

Puget Sound Regional Countil and Brookings Institution, “Inavation
Meets Demonstration: A Prospectus for Catalyzing Growth in Puget
Sound's Energy Etticiency Technotogy Cluster” (Washington, 201}

See the Chimate Prosperity Praject, inc. al wwwclimateprosperityproject
orgfpiict_regions. e,

Depending on the region, clean etonomy development activities

may be facilitated of fed by entities as varied 53 a regional economic
entity, Planning a university

of consortia of universities, a forimsl Cluster organization, of trate

association

for an overview of Climate Prosperity’s activities in the four metro
regions, see wwwclimateprospertyprojecLory)
For an overview of Syracuse Tech Garden's activities, see waww.
thetechgarden comitieantech.

For 8n overview of Milwaukee Water Counci's activities, ses www.
thewatercouncilcom/.

For an overview of CleanTECH San
ceantechsandiego.org/

iega's activities, see www.

See. for instance, Zabin and others.. "California Workforce Education &
Training Needs Assessment.”

Sze the Institute for Sustainable Communities’ Case Study on "Los
Angeles Trade-Technical Cotfege: A Modef of Workforce Development
in the Energy/Utiiity Sector” (May 2010}, in & more rural setting the
Renewable Energy Technology Program at Columbia Gorge Community
Coliege n Oreqon emerged out o° » Salogus with the private sector
after wind manufacturers began opening wind farms in the region and
seeking trained workers. For more delails see SEED Center, "Columbia
Gorge Community Coliege Leads Nation in Wing Training,” avatlable at
tes/Cotumbias

Gorge-Community-Coltege-Leads-Nation-inW.

See the Institute for Sustamable Communities' Case Siudy on “Going to
the Source: Seattle Turns to Employers on Green job Potential and Job
Training” (Aprit 2010).
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OPENING STATEMENT OF HON. BERNARD SANDERS,
U.S. SENATOR FROM THE STATE OF VERMONT

Senator SANDERS. Madam Chair, thanks very much for holding
this important hearing.

Let me begin by concurring with my friend—and he is my
friend—dJim Inhofe. Senator Inhofe and I were on the floor the
other day. We have very strong political and philosophical dif-
ferences. On occasion we agree, on transportation and infrastruc-
ture. But certainly on the issue of global warming we have pro-
found disagreements.

Do I have any doubt that Senator Inhofe is sincere and honest
about what he believes? I have no doubt about it. And I think he
and I are also in agreement that having honest, straightforward
debates on this issue is good for the Senate and good for the people
of the United States of America.

I may be wrong on this, but I think Senator Inhofe, in many
ways, is the leader of the Republicans on the issue of global warm-
ing. And I am going to challenge—I think Senator Inhofe’s posi-
tions are extreme, I think they are dead wrong, and I am curious
to see how many of our Republican friends agree with Senator
Inhofe. And that is kind of going to be the thrust of the work that
I am going to be doing in the near future.

Let me begin by saying that I certainly agree with approximately
98 percent of active publishing climate scientists according to the
National Academy of Sciences that global warming is real and that
global warming is significantly driven by human activity. I think
the broad consensus—not everyone, to be sure, and I think we may
have a scientist here today who disagrees—but I think the over-
whelming majority of peer reviewed scientists who write on this
issue believe A, global warming is real, and B, global warming is
significantly caused by human activity.

In my view, as Americans, as part of the greatest country on
Earth, we have a moral responsibility and an economic responsi-
bility to lead the world in cutting greenhouse gas emissions and
transforming our energy system to energy efficiency and sustain-
able energies such as solar, wind, geothermal, and biomass.

Senator Inhofe often makes a point, which is valid, which is the
United States cannot do it alone. If we did it tomorrow, what about
China, what about India, what about Brazil? He is right. But if we
do move forward with our technology, with our expertise, we could
create jobs in this country, not only transforming our own energy
system but leading other nations away from fossil fuel to energy ef-
ficiency and sustainable energies.

Now, we have heard a lot, and we have heard it from Senator
Inhofe again today, about the economic implications of trans-
forming our energy system. And I wanted to pick up on the point
that Senator Boxer has made.

Studies done—there have been a whole bunch of studies done by
economic groups, but there was one by the McKinsey consulting
firm in 2009, and also the American Council for an Energy Effi-
cient Economy in 2010, confirming that we can meet our 2020 tar-
get of reducing emissions 17 percent from 2005 levels through cost
effective energy efficiency alone.
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Now, I come from a cold weather State. Senator Inhofe comes
from a warm State. They use a lot of air conditioning there, I sus-
pect. We use a lot of oil in our State. I can tell you firsthand be-
cause we are moving fairly aggressively in Vermont. Not as fast as
we should. But we have seen, through weatherization projects, peo-
ple saving substantial sums of money on their fuel bills, 20, 30, 40
percent, through retrofitting their own homes. And when you do
that, you are cutting greenhouse gas emissions by 20, 30, 40 per-
cent.

In Vermont, we have made a good start. We have a long way to
go, and we are leading the country. If we do that, we can make
huge cuts in greenhouse gas emissions. And you know what else
we do? We are going to create jobs in the process of doing that.

A White House Middle Class Task Force report found that we
can save up to 40 percent of the energy being used in our homes
and our buildings with existing technology. In Vermont, we have
weatherized 15,000 homes over the last 10 years, saving the aver-
age household over $900 a year on fuel bills. That is a lot of money
for a middle class person.

Madam Chair, it is beyond comprehension to me that in the year
2012 we are still giving huge subsidies to fossil fuels, a 19th cen-
tury technology. And when we hear about so-called Solyndra and
other problems, please understand that in a 10-year period we are
providing—the Federal Government is providing—over $113 billion
to coal, oil, and gas. A 10-year period, over $113 billion. Meanwhile,
here in the Senate we face opposition to continuing modest incen-
tives—modest incentives—for solar and wind like the Production
Tax Credit or the 1603 Grant Program.

So, it is time to get our act together. I have got to say this. I
think, and maybe Senator Inhofe will agree with me on this issue.
The whole world is debating global warming. I think most people
would agree with the position that many of us, on this side, are
taking. Some will agree with what Senator Inhofe is saying. But
I think, and Senator Inhofe is right on this issue, we need—we can-
not run away from this issue. We have got to put it front and cen-
ter. We need debates.

I thank Senator Boxer for this hearing today. And I hope we will
continue this discussion in this Committee and on the floor of the
Senate.

With that, I would yield.

Senator BOXER. Thank you.

Senator Sessions.

OPENING STATEMENT OF HON. JEFF SESSIONS,
U.S. SENATOR FROM THE STATE OF ALABAMA

Senator SESSIONS. Thank you.

Well, let me say with regard to Senator Inhofe, I came here, was
on this Committee for the first 2 years in the Senate 15 years ago,
and I believe that actual fact, empirical data, since that day has
validated Senator Inhofe’s skepticism and has demonstrated the in-
correctness of the computer modeling that the global warming
alarmists have produced.

Now, that is fact. That is science. And we are going to talk about
that today. And if that is so, the question for the American policy-
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makers is how much can we demand this economy pay to meet and
confront a fear that is not being proven by empirical data? So, that
is the question.

President Obama is engaged in a systematic drive to promote the
global warming agenda, and in fact said electricity prices will nec-
essarily skyrocket. So, this is a big issue. We are making this deci-
sion right now, and it will be part of the next election, I suppose.

Let us look at this question that has been discussed a lot lately
about storms and temperature extremes and how this is a product
of global warming. The data does not show that. This is a chart
that I hope all of my colleagues will look at. It shows, from NOAA’s
data, when the record high and record low temperatures for each
State were set. The largest number of record highs was set in the
1930s, by far. Twenty-five out of 50 States set their record highs
in the 1920s or 1930s. You look at this chart from 1960 through
today. Every decade they have had more record cold temperatures
than record high temperatures.

Now, I do not know whether that is conclusive evidence about
anything. But it does suggest we are not having more extremes, ei-
ther highs or lows, now than before. But to the extent States have
set record temperatures recently, more of them have been record
lows than record highs. And Senator Inhofe, you had a record —31
degrees in Oklahoma recently. That is a dramatic thing. We have
to look at what is happening.

Now, this is not what the models have said. The computer mod-
els say that if CO, goes up, temperature will go up. And these are
the IPCC scientists, Nobel Prize winners and so forth. That is what
they are predicting.

Now, look at this chart. When I came to the Senate, Dr. Christy
testified before this Committee, Dr. Lindzen at Harvard, the sci-
entists at MIT, they express skepticism. But the overwhelming
group of scientists says the computer models show that we are
going to have dramatic changes in our temperature.

This chart reflects the latest computer models, not the ones ear-
lier which were even more extreme. These are the latest computer
models. The black line shows what the computer modeling pre-
dicted that temperatures would be. These two lower lines, based on
satellite data and temperature, show that from about the time that
I came to the Senate in 1997, the temperature has basically stayed
flat.

Yes, it has increased from 1975, from 1980, to 2010, .2 of 1 de-
gree. Now, you do that over 100 years, that is about .6 of 1 degree
if that trend were to follow. But in the last 10 years, we have seen
virtually no change in the temperature. This is from empirical
data, what is really happening.

So, I guess I am saying, Madam Chairman, we have got to be
careful not to ask the American people to bear an immense eco-
nomic burden to try to defeat a computer modeling that is not com-
ing out to be correct. And we know, throughout history, that tem-
perature has been up and down

Senator SANDERS. Would the Senator yield for 1 second?

Senator SESSIONS. Yes.
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Senator SANDERS. Did you just say, I just wanted to clear the
record, that in the last decade we have seen no change in the tem-
perature? Is that what you just said?

Senator SESSIONS. I say that the empirical data, and Dr. Christy
will explain that these are not his numbers, but they are the num-
bers that have been published, show that the temperature is basi-
cally the same.

Senator SANDERS. In the last decade?

Senator SESSIONS. Yes.

Senator SANDERS. OK. Thank you.

Senator SESSIONS. Yes, that is the chart. And so, we have heard
a lot of spin the other way. I think it is time for the nation to dis-
cuss it. If those numbers are wrong, Senator Sanders, so be it. We
would have to confront that issue. But I do not think they are
wrong. I think they are correct. And that means that we need to
be careful about what price we expect the American people to pay
to meet the visions of people who are not being proven correct by
reality.

Thank you.

Senator BOXER. Senator, may I just say, and we will put in the
record an article that talks about credibility in climate change.
Ninety-seven to 98 percent of the scientists do not agree with the
1 to 2 percent that you are citing. It is fine. There are still probably
1 to 2 percent of scientists who do not believe that lung cancer is
associated with smoking

Senator SESSIONS. Madam Chairman, I am offended by that.

Senator BOXER. Please do not be——

Senator SESSIONS. I am offended. I did not say anything about
the scientists. I said the data shows it is not warming to the degree
that a lot of people predicted, not close to that much. And you are
asking us to have unprecedented high electricity prices in order to
avoid a danger that is not as real as it appears, it seems to me.
So we will have a hearing. If I am wrong, I will acknowledge it.
But I do not think so.

Senator BOXER. Yes. And I am going to ask the scientists about
the data that you have used. All I was pointing out is that the con-
clusion you are coming to is shared by 1 to 2 percent of the sci-
entists. You should not be offended at that. That is the fact.

Senator SESSIONS. I do not believe that is correct, Madam.

Senator INHOFE. I have to chime in here because I have not had
a chance, Madam Chairman, to get my——

Senator BOXER. Go right ahead. And then we will return and go
to Senator Cardin.

Senator INHOFE. When we had our, I thought, very enjoyable
joint effort on the floor between Senator Sanders and myself on
Monday, one of the things that came up about the NAS, the Na-
tional Academy of Sciences, I do not think we should let it go be-
yond our recognition that there is a lot of criticism of the NAS and
their motives.

Let us keep in mind that the NAS issued a report of the coming
ice age in 1975. The U.S. National Academy of Sciences has turned
itself into—I am quoting now from Seth Bornstein, which was on
the other side of this issue—turned itself into an advocacy group
on policy promotion.
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I only want to say I disagree with you when you say 1 or 2 per-
cent. I have on my Web site over 1,000 names, and I think it is
kind of interesting when you come up with someone who was a
skeptic and became an alarmist, that is one out of maybe 1,000 as
I mentioned on the floor. So, there is a lot of, the science is clearly
d%)vided out in the real world, and that is what this hearing is all
about.

Senator BOXER. OK. All right.

Senator SESSIONS. And Madam Chairman——

Senator BOXER. Yes, go right ahead.

Senator SESSIONS. I would acknowledge that we may well have
some warming, and it may well be human caused. The disagree-
ment that I am concerned about is how much we can affect it, how
much we can afford to spend to alter it, and I am skeptical of the
proposal that we have seen.

Senator SANDERS. Would my friend yield?

Senator BOXER. Just one moment. I am going to try to gain some
kind of traction here, and then we will, all I am going to do now,
instead of getting a debate going, is put into the record, this is
something we have not done in a while. It is kind of exciting.

[Laughter.]

Senator INHOFE. Yes, the highway bill got kind of boring there.
It really did.

[Laughter.]

Senator BOXER. Yes, we agreed on everything there, which is
very unusual.

I am going to put into the record, and I hope Senator Sessions
that you will look at this, it is a paper by the journal, it is the Na-
tional Academy of Sciences. It is our people. And basically, I do not
want to get into another argument with you, but they used the fig-
ure 97 to 98 percent of climate researchers agreed with the fact
that this is occurring now.

So, I am just, you can read this. You may not agree with the——

Senator SESSIONS. Well, that would be 3 percent.

[Laughter.]

Senator BOXER. All right. All right. We will put this on the
record. Thank you.

Senator Cardin, thank you for your patience.

[The referenced information follows:]
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Although prelimi " d
surveys suggest s(riking agreement among dimate scientists on the
tenets of anthropegenic climate change (ACC), the American public
expresses substantial doubt about both the anthropogenic cause
and the level of scientific agreement underpinning ACC. A broad
analysis of the climate scientist community itself, the distribution of
credibility of dissenting researchers relative to agreeing researchers,
and the level of agreement among top climate experts has not

climate change skeptics and contrarians in that we primarily focus
on that have published in the climate field,
although we consider all skeptics/contrarians that have signed pro-
minent statements concerning ACC (6-8). Such expert analysis can
illuminate public and policy discussions about ACC and the extent
of consensus in the expert scientific community.

We compiled a database of 1,372 climate researchers based on
Authorshlp of sciemific assessment reports and membershxp on

been conducted and would inform future ACC Here, we
use an extensive dataset of 1,372 dlimate researchers and their
publication and citation data to show that (i) 97-98% of the climate
researchers most actively publishing in the field surveyed here sup-
port the tenets of ACC outlined by the Intergovernmental Panel on
Chmate Change, and {ii} the refative clnmate expertise and scientific
thi her of ACCare d
below that of the convinced researchers.

citation analyses | climate denier | expertise | publication anatysis |
scientific prominence

Preliminary reviews of scientific literature and surveys of cli-
mate scientists indicate striking agreement with the primary
conclusions of the Intergovernmental Panel on Climate Change
{IPCC): anthropogenic greenhouse gases have been responsible
for “most” of the “unequivocal” warming of the Earth’s average
globat temperature over the second half of the 20th century (1 3}
Nonetheless, substantial and growing public doubt remains about
the anthropogenic cause and scientific agreement about the role of
anthropogenic greenhouse gases in climate change (4, 5). A vocal
minority of researchers and other critics contest the conclusions
of the scientific citing large
numbers of scientists whom they believe support their claims {6-8).
This group, often termed climate change skeptics, contrarians, or
deniers, has received large amounts of media attention and wields
significant influence in the societal debate about climate change
unpacls and policy (7, 9-14)

what constituies expertise or
(‘YC(thlhty in tedmu,al and policy-relevant scientific research (15).
Though our aim is not to expand apon that literature here, we wish
to draw upon several important observations from this Hierature
in examining expert credibility in climate change. First, though the
degree of contextual, political, epistemological, and cultural in-
fluences in determining who counts as an expert and who is
credible remains debated, many scholars acknowledge the need to
identify credible experts and account for expert opinion in tech-
nical (e.g., science-based) decision-making (15-19). Furthermore,
delineating expertise and the relative credibility of claims is criti-
cal, spsua!ly in areas where it may be difficult for the majority of
decision-makers and the fay public to evaluate the fuil o

signator about ACC (ST Materials and Methods).
We tallicd the number of climate-relovant publications authored
or coauthored by each rescarcher (defined here as expertise) and
counted the number of citations for sach of the rescarcher’s four
highest-cited papers (defined here as prominence) using Google
Scholar, We then lmpou.d an a priori eriterion 1Ixac a rcsm(clm
must have authored a mi of 20 climate to
considered a climate researcher, thus reducing the database to 9()8
researchers, Varying this minimum publication cutoff did not ma-
terially alter results (Materials and Methods).

We ranked researchers based on the total number of climate
publications authored. Though our compiled researcher list is not
comprehensive nor designed to be representative of the entire cli-
mate science community, we have drawn researchers from the most
high-profile reports and public statements about ACC. Therefore,
we have likely compited the strongest and most credentialed re-
searchers in CE and UE groups. Citation and publication analyses
must be treated with caution in inferring scientific credibility, but we
suggest that our methods and our expertise and prominence criteria
provide conservative, robust, and relevant indicators of relative
credibility of CE and UE groups of climate researchers (Materials
and Methods).

Results and Discussion

The UE group comprises only 2% of the top 50 climate researchers
as ranked by expertise (number of climate publications), 3% of
researchers of the top 100, and 2.5% of the top 200, excluding
researchers present in both groups (Materials and Methods). This
result closely agrees with expert surveys, indicating that ~97% of
self-identified actively publishing climate scientists agree with the
tenets of ACC (2}, Furthermore, this finding complements direct
polling of the climate researcher community, which yields guali-
tative and sclf-reported researcher expertise (2}, Our findings
capture the added dimension of the distribution of researcher
expertise, quantify agrecment among the highest expertise climate
researchers, and provide an independent assessment of level of
scientific consensus concerning ACC. In addition to the striking
difference in number of expert researchers between CE and UE
groups, the distribution of expertise of the UE group is far below
that of the CE group {Fig. 1). Mean expertise of the UE group
was around hatf (60 pubhcauons) that of the CE group gl]‘) pob-

of atechnical issue (12, 15}, Ultimately, however, societal decisions
regarding response to ACC must necessarily inchude input from
many diverse and nonexpert stakeholders.

Because the timeline of decision-making is often more rapid than
scientific consensus, examining the landscape of expert opinion can
areatly inform such decision-making (15, 19). Here, we examine
a metric of climate-specific expertise and a metric of overalt sci-
entific prominence as two dimensions of expert credibility in two
groups of researchers. We provide a broad assessment of the rel-
ative credibility of researchers convinced by the eviderce (CE) of
ACC and those unconvinced by the evidence (UE) of ACC, Our
consideration of UE researchers differs from previous work on

s s, oeglegitdoi/10. 107 Hpnas, 1003187107

fications; M; U test: W= 57 020; P < 10 ) as was
median expertise (UE = 34 p i CE =
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Furthermore, rescarchers with fower than 20 climate publications
comprise =809 the UE group, as opposed to less than 10% of the
CE group. This indicates that the bulk of UE researchers on the
most prominent multisignatory statements about climate change have
not published int the p d climate }

We examined a subsample oi the 50 most-published (hxghut«
expertise) rescarchers from each group. Such subsampling facili-
tates comparison of relative expertise between groups (normalizing
differences between absolute numbers). This method reveals large
differences in refative expertise between CE and UE groups (Fig. 2).
Though the top-published researchers in-the CE group have an
average of 408 climate publications (rediar = 344), the top UE re-
searchers average iny 89 pubhcauonc {median = 68; Mann-
Whitney U test: W = 2,455; £ < 1077). Thus, this suggests that not
all experts are equal, and mp CE researchers have much stronger
expertise in climate science than those in the top UE group.

Finally, our prominence criterion provides an independent and

approximate estimate of the relative scientific significance of CE
and UE publications, Citation analysis complements publication
analysis because it can, in general terms, capture the quality and
impact of a researcher's contribution—a critical component to
overail scientific credibility—as opposed to measuring a research-
er’s involvemnent in a field, or expertise (Materials and Methods).
The citation analysis conducted here further complements the
publication analysis because it does not examine solely climate-
relevant publications and thys captures highly prominent re-
searchers who may not be directly involved with the climate field.

We examined the top four most-cited papers for each CE and
UE researcher with 20 or more climaté publications and found
immense disparity in scientific prominence between CE and UE
communities (Mann-Whitney U test: W = 50,710; £ < 10™% Fig. 3).
CE researchers’ top papers were cited an average of 172 t:mu,
compared with 105 times for UE researchers. Because a single,
highly cited paper does not establish a highly credible reputation
but might instead reflect the controversial nature of that paper
{often called the single-paper effect), we also considered the av-
erage the citation count of the second through fourth most-highly
cited papers of each researcher, Results were robust when only
these papers were considered (CE mean: 133; UE meam 84;
Mann-Whitney U test: W = 50,492 2 < 107%). Restlts were ro-
bust when all 1,372 researchers, 1mludmg those with fewer than
20 climate publications, were considered (CB mean: 126; UE
mean: 59; Mann-Whitney U tést: W = 3.5 x 10% P < 107%),
Number of citations is an imperfect but usefnl bsnLhmm]\ for
a group’s scientific prominence (Materials and Methods), and we
show here that even considering all {e.g., climate and nonclimate)
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Fig. 1. Distribution of the number of researchers {n = 308) in convinced by

the evidence {CE} of anthropogenic climate change and unconvinced by the
evidence {UE) categories with & given number of total climate publications:
Tick marks indicate the center of right-inclusive categories (e, 20-50, 51~
108, 101150, etc).

12108 | www.pna 110,107 3/pnas. 1003 187101

15

=3

5

Numbet of Researchers
10
S N S——

Fig.2. Distribution of the number of the top 50 most-published researchers
from CE and UE tategories with a-given number of total climate pub-
lications, Tick marks indicate the tenter of right-inclusive categoriss (e.g.
20-50, 51-100, 101-150, etc).
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publications, the UE lower
prominence than the CE group.

‘We provide a Jarge-scale quantitative assessment of the relative
Tevel of agreement, expertise, and prominence in the climate re-
searcher community. We show that the expertise and prominence,
two integral components of overall expert credibility, of climate
researchers convinced by the evidence of ACC vastly overshadows
that of the climate change skeptics and contrarians. This divide is
even starker when considering the top researchers in cach group,
Despite media tendencies to present both sides in ACC debates (%),
which can contribute to continued public misanderstanding re-
g‘ndnxg ACC (7, 11 12, 14), not all climate researchers are equal

and expertise in the climate system. This
extenwc analysis of the VETSUS. § icalfcontrarian
researchers suggests a strong role for considering expert credibi-
lity in the relative weight:of dnd attention to these groups of re-
searchers in future discussions in media, policy, and public forams
regarding anthropogenic climate change.

group has

Materials and Methods

We compiled a database of 1,372 climate researchers and dassitied each
researcher into two categories: convinced by the evidence {CE) for anthro-
pogenic climate change (ACC) or unconvinced by the evidénce (UE) for ACC.
We defined CE researchars a5 those who signed statements broadly agreeing
with or directly endorsing the primary tenets of the IPCC Fourth Assessment

e
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Fig. 3. Distribution of the number of researchers (n = 308) in CE and UE
categories with a given number times cited for each researcher’s average of
the first through fourth most-cited papers, Tick marks indicate the center of
right-inclusive categories (e.g., 0-50, 51-100, 101-150, etc), stepped by
increments of 50 until 1,000 citations, and 500 thereafter.
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Report that it is “very fikely” that have been
responsitste for “most” of the "unequivocal” warming of the Ear'h s average
global temperature in the secand half of the 20th century (3). We compiled
these CE researchers comprehensivaly from the lists of IPCC ARG Working
Groug t Contributors and four prominent scientific statements endorsing the
PCC {n = 903; 5 Materials and Methads). We defined UE researchers as thase
wiho have signed statements strongly dissenting from the views of the IPCC.
We compiled UE names comprehensively from 12 of the most prominent

the IPCC =472; 5 Materialk Methods).
Only three rasearchers were members of both the CE and UE groups {dug to
their presence on both CE and UE fists) and remained in the dataset, except in

iblicaticn and citation anaiyses are not perfect indicators of res
credibiiity, butthey el in
research productivity, quality, and prominence {21-24). Furthermors, these
methods tend to correlate highly with other estimates of research quality, ex-
pertise, and prominence {21-26), These standard publication and citation
metrics are often used in many academic fieks to inform decisians regarding
. Though redlbrktywmher
academics, which might not diract ity se,
polls suggest that about 70% of the American public qenorahy‘msx soemms
opinions on the envirorment, making this assessment bmadty relevant (23).
Crmusms f
of Dl h

archar

calcutations of the top 50, 100, and 200 research group
Between Da(ember 2008 and July 2009, we coliected the number of
for all 1372 archers from Google Schofar
(Seauh terms: "author:fi-lastname climats™}, as well as the numbar of times
cited for each researcher's four top-cited articles in any field (search term
"chimate” removed). Overall number of publications was not used because it
was not possible to provide sccurate publication counts in all cases biecause
«of similarly namad researchers. We verified, however, author identity for the
four top-cited papers by each author,

To examine only resemthers with demanstrated climate expertise, we
irapased 3 20 ions minimum to be i # dimate re-
searcher, bringing the list to 908 researchers (Nee = 8177 Mg = 931 Qur dataset
is not comprehensive of the ciimate community and therefore does not infer
absolute numbers or proportions of all CF versus all UE researchers. We ac-
knowiadge that thers sre other possible and valid approaches to quantifying
the lovel of agreement and refative credibility in the cimate sdence com-
runity, inchuding ahternate climate researcher cutoffs, publication databases,
and search terns to determine dimate-refevant publications, chevor, we
provide a useful, and approach whose qual
results are not fikely to be aHecred by the above assumptions. We conducted
the above analyses with 2 dimate researcher cutoff of & minimum of 10 and
40 publications, which yieldsd vary little change in the gualitative or strong
statisticafly significant differences between CE and UE groups. Ressarchat
publication and citation counts in Eerth Sciences have been found to be
targely similar between Google Schalar and other peer-review-only citation
Indices such 25 151 Web of Science {20, Indeed, using Google Scholar provides
3 more conservative estimate of expertise {e.q., higher levels of publications
and more experts considered) hacause it archives a greater breadth of sources
than other citation indices. Qur dimate-refevant search term does not, un-

, cligue citation, icle.g. age

bctwsengrcups (7!-’6 28, 29) All of these criticisms are expected to have the
astinl Y ion {e.g., an entire field) and high levels
of citations, bmh of wh!ch are ﬁne?yzed here (21-23, 25, 28, 29).

Regerding the influence of citation patierns, we acknowledge that it is
difficult to quantify potential bisses of self-citation or dlique eitstion in the
analysis presanted here, However, citation analysis research suggests that the

fatof i) s & 1o s

P B
of reszarchars, possible diques, and papers analyzed for citations considered
increases (22, 25-28). By selecting an expansive sample of 1,372 researchers
and focusing our analysis only on the researchers' four most-cited papers, we
hava designed our study to minimize the patential influence of these pat-
Furthermare, we have no a prior basis for assuming any ctation {8.g.,
self-citation rates) or demographic differences {eg. age effect on pubs
heations or citations) betwaen CE and UE groups. Preliminary evidence sug-
gests these differences would iikely favor the UE group. From the ~E0% of
resaarchers where yeae of PRD was avallable, mean year of receiving a PAD
for UE researchers was 1977, versus 1987 for CE researchers, implying that UE
researchers shoulkd have on average more publications due 1o an age sffect
alone. Therefore, these methods are fikely to provide a reasonable estimate
of the preesminent researchers in each aroup and are useful in comparing the
relative expertise and prominence betwesn CE and UE groups,

Ultimately, of course, scientific confidence is earned by the winnowing
procass of peer review and replication of studies over time. In the meanwhile,
given the immediacy attendant to the state of debate over percamion of
dimate science, we must seek estimates while confidence builds. Based on the
arguments presented hers, we believe our findings capture the differentist
climata science credentials of the two groups.

derstandably, capture all relevant and excude alt
pubtications in the detection and attribution of ACC, but we suggest that its
generality provides a conservative estimate of expertise {i.e., higher numbars
of experts) that should not differentially favor either group.
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OPENING STATEMENT OF HON. BENJAMIN L. CARDIN,
U.S. SENATOR FROM THE STATE OF MARYLAND

Senator CARDIN. Thank you, Madam Chair. And let me thank
you for calling this hearing on an update of the latest climate
change science, and listening to our witnesses, and local adaptation
measures, which I really do think is critically important.

I would make just an observation on some of the discussion that
has already taken place by my colleagues. When we talk about
averages, it can be misleading. One of the consequences of climate
change is extreme weather conditions. You can have a drought in
one part of the country and a flood in another part of the country,
and the equal averages. But the consequences to the people of this
nation are severe when we have these extreme weathers.

And Senator Sessions, you mentioned the cost of adaptation, the
cost of dealing with these issues. Those who have survived the
wildfires have endured a real cost. And those who tried to deal
without electricity for over a week in 100 degree weather suffered
significant economic losses.

So, I think we have to recognize that extreme weather conditions
have a real burden and cost on our society. Those of us who are
trying to deal with living on a coast and seeing the rising sea level,
wondering how we are going to protect our critical assets, which
may be just a homeowner’s property, or it may be the Govern-
ment’s Naval Academy, are worried about what the effects of cli-
mate change are going to be on the coasts to our country. So, I do
think we have to keep this in balance as to the cost to our society.

Climate change is upon us. It is real. This year the United States
has seen an increased number of major, deadly storms that are
devastating to our communities. We have seen major wildfires, not
only in the West but also in the Plains States. We are experiencing
a drought that is right now affecting 60 percent of the country and
is predicted to cause food prices to rise.

The time to act is now, to harden our infrastructure against ex-
treme heat, to strengthen our electric grid, and to prepare our pub-
lic health infrastructure to protect our coastal zones and low lying
areas.

Today we will hear not only from scientists who will explain to
us the data showing how climate is changing, but we will hear
from a second panel of policymakers and experts who will tell us
the efforts we need to take and projects that are currently under-
way.

Unfortunately, we are already seeing these problems happening.
Just last month, Washington, DC, hit 95 degrees or higher for the
11th straight day, the longest consecutive streak on record. This
streak coincided with a devastating multi-day power outage that
crippled the Washington area. In my home State of Maryland, hun-
dreds of thousands of folks were without power for days and were
forced to contend with extreme heat without air conditioning.

The extreme weather that Marylanders had to deal with this
year is just a continuation of the weather emergencies that folks
across the country were faced with last year. The administrator of
NOAA wrote that last year, and I quote, 14 extreme weather re-
lated events caused an incalculable loss of human life and cost the
U.S. economy more than $55 billion.
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The extreme weather of 2011 has continued into this year, not
only with strong storms and intense heat but with dangerous and
deadly wildfire seasons in the American West. A brutal heat wave
in late June fueled the Wild Oak Canyon fire just outside of Colo-
rado Springs. This fire forced the evacuation of more than 32,000
residents and engulfed almost 350 homes, almost forced the evacu-
ation of the United States Air Force Academy, and tragically killed
two people.

Madam Chair, these extreme weather events and increased tem-
peratures are not theoretical. They are happening to us right now.
And when those of us in this hearing room leave this building
today, we will be walking into one of the worst sustained heat
waves on record for this area.

These extremes are the new normal, and they are affecting our
nation’s infrastructure, our environment, and our public health and
safety. It is time we get serious about adapting our infrastructure
and systems to these new realities. From our transportation infra-
structure to our water systems to public utilities, major systems
are being negatively impacted by heat and storms.

Last month at Washington Reagan National Airport, a U.S. Air-
ways regional jet became stuck in the tarmac when temperatures
over 100 degrees melted the asphalt. There was a DC train de-
railed just down the road last month after tracks buckled in the ex-
treme heat. The extreme Derecho storm system that devastated the
Maryland, Virginia, and DC area last month left thousands and
thousands of people without power for a week during severe heat.

This is a public health issue, a public safety issue. We lost lives.
As a result, Governor O’Malley has ordered a special task force to
specifically examine solutions for adapting its utility infrastructure
to extreme heat and major storms.

Our water infrastructure already is in desperate need of repair.
EPA Administrator Lisa Jackson told Congress that adapting to
changing hydrological conditions caused by climate change is a sig-
nificant issue that water systems must act to address. These
hydrological changes will likely result in too little water in some
places, too much water in other places, and degraded water quality
in other areas across the country. According to that study of the
National Association of Clean Water Agencies, the costs of dealing
with these new realities will approach $1 trillion through 2050.

I am the sponsor of a bill, the Water Infrastructure Resiliency
and Sustainability Act, to equip our communities to adapt their
water systems to these changing conditions, and I thank the Chair
for being a co-sponsor on that legislation.

Madam Chair, I believe that we have a responsibility. I have a
responsibility in Maryland, to the people in this country, to do all
I can to prepare us for the consequences of climate change. We
need to adopt our water infrastructure, our transportation infra-
structure, and our electrical grid. We need to help farmers to adapt
so that our food supply in the world remains reliable.

We need to adapt our coastal regions to prepare for sea level rise
that is already beginning to threaten some of our coastal commu-
nities. We need to improve our public health infrastructure to deal
with the heat related illnesses that result from these extreme tem-
peratures. In short, we need to act now to protect our communities.
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I look forward to the witnesses to give us help and direction of
what we can do to help prepare our nation.

Thank you, Madam Chair.

Senator BOXER. Senator Lautenberg, then followed by Senator
Whitehouse, unless a Republican comes back.

OPENING STATEMENT OF HON. FRANK R. LAUTENBERG,
U.S. SENATOR FROM THE STATE OF NEW JERSEY

Senator LAUTENBERG. Thanks very much, Madam Chairman, for
daring to walk into this bonfire of reality.

[Laughter.]

Senator LAUTENBERG. I find it quite incredible that we are still
faising the question about whether global warming is a real prob-
em.

In 2003, in this very room, we heard that global warming was
the greatest hoax ever perpetrated on the American people. We had
a hearing in this building that included a scientist from the Pas-
teur Institute, and his view was that, and I speak some French
poorly but I do like the accent, but I will leave it out for the mo-
ment——

[Laughter.]

Senator LAUTENBERG. He said that it is quite incredible. We
would know absolutely if we had global warming by the increase
in mosquitoes, increases in malaria. And we have not seen that.
There cannot be any global warming, he said in quite understand-
able English.

And we have gone through these, I am going to call them cha-
rades for the moment, and our friends on the other side happen to
be very likeable, but they are wrong.

[Laughter.]

%enator LAUTENBERG. Anyway, one of the things that we ought
to be

Senator INHOFE. I agree with half your statement.

[Laughter.]

Senator LAUTENBERG. Oh, you are not likeable?

[Laughter.]

Senator LAUTENBERG. I have to ask your kids, I guess.

One of the things that all of us ought to be able to agree on is
that we need to get our science from scientists, not politicians nor
industry lobbyists. And the scientists at NASA, the National Acad-
emy of Sciences and every other leading scientific body have made
it clear that global climate change poses a very serious threat to
humanity.

In the past, that threat may not have seemed urgent. But in re-
cent months these dangers have become impossible to ignore. Right
now, we are seeing the effects of climate change all around us, and
we have got to take notice and action immediately because what-
ever costs we might be seeing increases with now are dwarfed by
what could be the result of laissez-faire, leave it alone and not
bother with it; it will take care of itself.

Well, last year was the 11th hottest year on record, it was the
11th hottest year on record according to the Commerce Depart-
ment’s Annual State of the Climate Report. Heat waves and flood-
ing to droughts and extreme tornadoes, the U.S. in 2011 experi-
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enced some of our most destructive weather ever. And 2012 is on
pace to be even worse.

The first 6 months of this year have been the hottest on record
for the continental United States, and though our colleague from
Alabama has found some solace in the fact that he found places
where it is cold, the fact of the matter is that you cannot deny
these temperature levels in the recent months. It has led to the
worst drought in our nation in more than half a century, resulting
in 1,200 counties being declared natural disasters by USDA. And
these droughts are killing crops throughout the country, forcing
taxpayers to dole out $30 million to $40 million for Federal crop
insurance payments, according to a recent report.

Hot and dry conditions have also led to thousands of forest fires
throughout the United States. According to NOAA, June wildfires
burned more than 1.3 million acres of land, the second most on
record. We saw most recently the destruction in Colorado Springs
where nearly 350 homes were destroyed at the cost of $9 million.

And we have to be clear. This is just the beginning. The destruc-
tion we see throughout the country and globe is simply a thing of
signs to come. And if we do not act now to stem the worst effects
of climate change, we are looking at once greater problems with
hotter temperature, rising sea levels, extreme weather and spread
of diseases, climate change poses a serious threat to our way of life.

Nothing, nothing is more important to any of us who have chil-
dren than to care about the kind of a country, the kind of an envi-
ronment, we are going to be leaving for them. And we have to re-
member that the state of the planet that we leave them is the ulti-
mate test of our stewardship.

It has become abundantly clear that we cannot let the doubters
deter action any longer because they prefer to ignore the inconven-
ient facts of an overwhelming scientific consensus. We have got to
act on that now.

And I want to call attention, Madam Chairman, to an article that
is talked about ravenously, almost, in our Senate, The Conversion
of a Climate Change Skeptic. It is an article by a man named Rich-
ard Muller. He is a professor of physics at the University of Cali-
fornia Berkeley, former MacArthur Foundation Fellow. In a very
short paragraph, he said, “Call me a converted skeptic. Three years
ago I identified problems in previous climate studies that in my
mind threw doubt on the very existence of global warming. Last
year, following an intensive research effort involving a dozen sci-
entists, I concluded that global warming was real and that prior es-
timates of the rate of warming were correct. I am now going a step
forward,” he says, “humans are almost entirely the cause.”

So, I do not know how we dismiss the evidence we see around
us and the comments made from reputable organizations. But I
think this debate ought to be over, and we ought to move, not dis-
cussing today’s hearing, it is very important, but in the body that
we all spend so much time in, that we ought to get on with trying
to solve the problem instead of dismissing it.

Thank you.

Senator BOXER. Thank you very much.

Senator Whitehouse, and then we will get to our panel.
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OPENING STATEMENT OF HON. SHELDON WHITEHOUSE,
U.S. SENATOR FROM THE STATE OF RHODE ISLAND

Senator WHITEHOUSE. Thank you, Madam Chair. I appreciate
the opportunity to participate in this important hearing.

Yesterday marked the end of what is expected to be one of the
top five warmest months on record. The USDA recently declared
nearly 1,400 counties in 31 States disaster areas as a result of the
ongoing drought. NASA and NOAA declared the last decade the
warmest decade on record.

So, I am glad we have come together to discuss the science of cli-
mate change. Virtually all respected scientific and academic insti-
tutions have stated that climate change is happening and that
human activities are the driving cause of this change.

Many of us here in Congress received a letter from a number of
those institutions back in October 2009 supporting this consensus.
This letter was signed by the heads of the organizations listed
here. These highly esteemed scientific organizations do not think
the jury is out. They recognize that, in fact, the verdict is in, and
it is now time for us to act.

As Senator Lautenberg mentioned, Dr. Richard Muller at the
Berkeley Earth Surface Temperature Project recently revealed how
he has become a converted climate skeptic. In a New York Times
op-ed, he cites the findings from his research which was, ironically,
partially funded by the Koch brothers, that the Earth’s land tem-
perature has increased by 2.5 degrees Fahrenheit in the past 250
years and 1.5 degrees over the past 50 years. He states, “Moreover,
it appears likely that essentially all of this increase results from
the human emission of greenhouse gases.”

Unfortunately, human emission of greenhouse gases is on the
rise. This year a monitoring station in the Arctic measured carbon
dioxide at 400 parts per million for the first time. This is 50 parts
per million higher than the maximum concentration at which sci-
entists predict a stable Earth climate. And it is way out of the
bandwidth of 170 to 300 parts per million that has prevailed for
the last 8,000 centuries on the Earth’s surface.

A 2012 report by the IPCC concludes that climate change in-
creases the risk of heavy precipitation. Rhode Islanders are no
strangers to heavy precipitation. In 2010 we saw flooding that ex-
ceeded anything Rhode Island had seen since the 1870s when
Rhode Island started keeping records.

At the height of the rain, streets in many Rhode Island towns
looked more like rivers than roads. Local emergency workers sailed
down Providence Street, a main road in West Warwick, by boat and
Jet Ski, down a main road on boats and Jet Skis in order to assist
residents trapped by the flood waters. While we cannot link that
exact storm to climate change, we do know that climate change is
increasing the risk of extreme weather like we saw in Rhode Is-
land.

As a New Englander, I was very concerned at a report released
this week by Environment America, When It Rains, It Pours, which
found that in New England, “Intense rainstorms and snowstorms
are happening 85 percent more often than in 1948.” Not only are
these inundations happening more often, but the largest events are
actually dumping more precipitation—around 10 percent more, on
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average—across the country. For States like mine, as you can see,
these storms are dangerous, expensive, and cause lasting damage.

Ensuring the integrity of our infrastructure in the face of a rap-
idly changing climate 1s essential, and our coastal States face a
unique set of challenges, what I call the triple whammy. We must
adapt not only to extreme temperatures and to extreme weather
events, but also to sea level rise.

Long-term data from tide gauges in the historic sailing capital of
Newport, Rhode Island, show an increase in average sea level of
nearly 10 inches since 1930. At these same tide gauges, measure-
ments show that the rate of sea level rise has increased in the past
two decades compared to the rate over the last century. This is con-
sistent with reports that since 1990 sea level has been rising faster
than the rates predicted by models used to generate IPCC esti-
mates.

Sea level rise and the increase in storm surge that will accom-
pany it will bring devastation to our doorsteps. Critical infrastruc-
ture in at-risk coastal areas, roads, power plants, waste water
treatment plants will need to be reinforced or relocated. One con-
sequence of rising sea levels is that local erosion rates in Rhode Is-
land doubled from 1990 to 2006. And some freshwater wetlands
near the coast are transitioning to salt marsh.

In Rhode Island, we are trying to be proactive. We have to,
frankly, if we want to protect public health and safety. Rhode Is-
land has 19 high hazard dams that have been deemed unsafe by
our Department of Environmental Management. We have 6,000 on-
site waste water treatment systems located near the coast, several
landfills that may be susceptible to coastal erosion, and evacuation
routes that could be under water as sea levels rise.

In 2008 our Coastal Resources Management Council adopted a
climate change and sea level rise policy to protect public and pri-
vate property, infrastructure, and economically valuable coastal
ecosystem. In 2010 our General Assembly created the Rhode Island
Climate Change Commission to study the projected effects of cli-
mate change on the State, develop strategies to adapt to those ef-
fects, and determine mechanisms to incorporate climate adaptation
into existing State and municipal programs.

A draft progress report from the commission lists many ways the
State is planning to adapt to climate change including National
Grid, our electricity and natural gas utility, undertaking a state-
wide substation flooding assessment and the Army Corps of Engi-
neers, FEMA, and the Rhode Island Emergency Management
Agency conducting a hurricane and flooding evacuation study. And
the list goes on and on.

In the town of North Kingston, Rhode Island, they have taken
the best elevation data available and modeled 1, 3, and 5 feet of
sea level rise, as well as 1 foot of sea level rise plus 3 feet of storm
surge. By overlaying these inundation models on top of maps iden-
tifying critical infrastructure like roads and emergency routes, rail-
roads, water treatment plants, and estuaries, the town will be able
to prioritize transportation, conservation, and relocation projects.

They are also able to quantify the costs of sea level rise. In one
small area of the town, 1 foot of sea level rise would put—I am
sorry, I have taken over my time. Let me just ask unanimous con-
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sent for the remainder of my statement to be put into the record
as if I had read it.

Senator BOXER. Absolutely.

Senator WHITEHOUSE. And I thank the Chairman. I just want to
emphasize that this is not just a hypothetical problem in Rhode Is-
land. It is real, and real government agencies, real big corpora-
tions, real people are facing the facts and having to respond.

[The prepared statement of Senate Whitehouse follows:]

STATEMENT OF HON. SHELDON WHITEHOUSE,
U.S. SENATOR FROM THE STATE OF RHODE ISLAND

Yesterday marked the end of what’s expected to be one of the top five warmest
months on record. The USDA recently declared nearly 1,400 counties in 31 States
disaster areas as a result of the ongoing drought. NASA and NOAA declared the
last decade the warmest on record. In 2011 we faced 14 weather related disasters
totaling more than a billion dollars each in overall damages and economic costs. And
we already have several in 2012.

I am glad we have come together to discuss the science of climate change. Vir-
tually all respected scientific and academic institutions have stated that climate
change is happening, and that human activities are the driving cause of this change.
Many of us here in Congress received a letter from a number of those institutions
in October 2009, stating that:

Observations throughout the world make it clear that climate change is occurring,
and rigorous scientific research demonstrates that the greenhouse gases emitted by
human activities are the primary driver. These conclusions are based on multiple
independent lines of evidence, and contrary assertions are inconsistent with an ob-
jective assessment of the vast body of peer reviewed science.

This letter was signed by the heads of the following organizations:

American Association for the Advancement of Science
American Chemical Society

American Geophysical Union

American Institute of Biological Sciences
American Meteorological Society

American Society of Agronomy

American Society of Plant Biologists

American Statistical Association

Association of Ecosystem Research Centers
Botanical Society of America

Crop Science Society of America

Ecological Society of America

Natural Science Collections Alliance
Organization of Biological Field Stations

Society for Industrial and Applied Mathematics
Society of Systematic Biologists

Soil Science Society of America

University Corporation for Atmospheric Research

These highly esteemed scientific organizations don’t think the jury’s still out.
They recognize that in fact, the verdict is in, and it’s time to act.

In fact, over the weekend, Dr. Richard Muller, professor of physics at the Univer-
sity of California, Berkeley, director of the Berkeley Earth Surface Temperature
project, and a former MacArthur Foundation Fellow, revealed how he’s become a
converted climate skeptic in a New York Times op-ed. He cites findings from his
research—partially funded by the Koch brothers, ironically—that the Earth’s land
temperature has increased by 2 and a half degrees Fahrenheit in the past 250 years
and 1 and a half degrees over the past 50 years. He states, “Moreover, it appears
likely that essentially all of this increase results from the human emission of green-
house gases.”

Unfortunately, human emission of greenhouse gases is only on the rise. In 2011
the Mauna Loa Observatory documented the biggest annual jump in carbon dioxide.
And this year a monitoring station in the Arctic measured carbon dioxide at 400
ppm for the first time. This is 50 ppm higher than the maximum concentration at
which scientists predict a stable climate. And this is well outside the 170-300 ppm
range that has existed for the past 8,000 centuries.

A 2012 report by the IPCC concludes that climate change increases the risk of
heavy precipitation. Rhode Islanders are no stranger to heavy precipitation. In 2010
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we saw flooding that exceeded anything we’ve seen since the 1870s when Rhode Is-
land started keeping records. At the height of the rains, streets in many Rhode Is-
land towns looked more like rivers than roads. Local emergency workers sailed
down Providence Street, a main road in West Warwick, by boat and Jet Ski; down
a main road on boats and Jet Skis; in order to assist residents trapped by the flood
waters.

While we can’t link that exact storm to climate change, we know that climate
change is increasing the risk of extreme weather events like this one. As a New
Englander, I was concerned by a report released this week by Environment Amer-
ica. “When It Rains, It Pours,” found that, in New England, “intense rainstorms and
snowstorms [are] happening 85 percent more often than in 1948. The frequency of
intense rain or snowstorms nearly doubled in Vermont and Rhode Island, and more
than doubled in New Hampshire.” And not only are these inundations happening
more often, but the largest events are actually dumping more precipitation—around
10 percent more on average—across the country. For States like mine, as you can
see, these storms are dangerous, expensive, and cause lasting damage.

We are moving down a troublesome and unknown path where the best thing we
can do is prepare for dramatic environmental shifts. We must look to science and
scientists and use the best available data to protect and prepare both our natural
and built environments, which sustain us and our economy. Ensuring the integrity
of our infrastructure in the face of a rapidly changing climate is essential. Coastal
States face a unique set of challenges—what I call a triple whammy—as we must
adapt not only to extreme temperatures and weather but also to sea level rise.

As average global temperatures rise, less water will be stored in snowpack and
the ice sheets of Antarctica and Greenland. We also know that at higher tempera-
tures water expands to greater volume. Predictions for sea level rise range from 20—
39 inches by the year 2100, with recent studies showing that the numbers could be
even higher due to greater than expected melting of glaciers and ice sheets.

Long-term data from tide gauges in the historic sailing capital of Newport, Rhode
Island, show an increase in average sea level of nearly 10 inches since 1930. At
these same tide gauges, measurements show that the rate of sea level rise has in-
creased in the past two decades compared to the rate over the last century. This
is consistent with reports that since 1990 sea level has been rising faster than the
rate predicted by models used to generate IPCC estimates.

Sea level rise and the increase in storm surges that will accompany it will bring
devastation to our doorsteps. Critical infrastructure in at-risk coastal area—roads,
power plants, waste water treatment plants—will need to be reinforced or relocated.
Additionally, our estuaries, marshes, and barrier islands that act as natural filtra-
tion systems and buffers against storms will be inundated, with little time or space
to retreat and move inland as they have in the past.

One consequence of rising sea levels is that local erosion rates in Rhode Island
doubled from 1990 to 2006, and some freshwater wetlands near the coast are
transitioning to salt marsh. Increased sea level and erosion puts critical public in-
frastructure at risk. In Rhode Island, we have a small but vibrant coastal commu-
nity, Matunuck, where beaches have eroded 20 feet over the past 12 years. The
town faces very difficult decisions as the only road connecting about 1,600 residents
and several restaurants and businesses is protected by less than a dozen feet of
sand. The road, which provides access for emergency vehicles and lies on top of the
water main, must be protected. But what are the costs of protecting this piece of
road for areas nearby or further down shore? Often, when you protect one area of
beach from erosion by hardening or altering the shoreline, you do so at the sacrifice
of other areas.

These are not easy decisions for communities with limited resources when lives
and livelihoods are at risk, and climate change will only make things worse. To best
protect infrastructure and the communities and families that live in at-risk areas,
we must plan ahead, using the best and most reliable science, and be able to
prioritize adaptation efforts.

In North Carolina, the State legislature considered a measure that would have
severely restricted the ability of their Coastal Resources Commission to employ sci-
entific estimates of future sea level rise. This type of thinking will cost money and
lives in the future.

In Rhode Island, we’re taking a different approach. We have to if we want to pro-
tect public health and safety. Rhode Island has 19 “high hazard” dams that have
been deemed “unsafe” by our Department of Environmental Management. We have
6,000 onsite waste water treatment systems located near the coast, several landfills
that may be susceptible to coastal erosion, and evacuation routes that could be un-
derwater as sea levels rise.
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In 2008 our Coastal Resources Management Council adopted a Climate Change
and Sea Level Rise Policy to protect public and private property, infrastructure, and
economically valuable coastal ecosystems. The policy states the following:

e The Council will integrate climate change and sea level rise scenarios into its
operations to prepare Rhode Island for these new, evolving conditions and make our
coastal areas more resilient.

e It is the Council’s policy to accommodate a base rate of expected 3-5 foot rise
in sea level by the year 2100 in the siting, design, and implementation of public and
private coastal activities and to ensure proactive stewardship of coastal ecosystems
under these changing conditions. It should be noted that the 3-5 foot rate of sea
level rise assumption embedded in this policy is relatively narrow and low. The
Council recognizes that the lower the sea level rise estimate used, the greater the
risk that policies and efforts to adapt to sea level rise and climate change will prove
to be inadequate.

This policy is already helping the State make smart decisions. For example, when
a new pump station was needed at a sewage treatment plant, CRMC looked at sea
level rise models before determining where it should go, avoiding future relocation
costs or malfunction in the face of flash flooding and sea level rise.

In 2010 our General Assembly created the Rhode Island Climate Change Commis-
sion to study the projected impacts of climate change on the State, develop strate-
gies to adapt to those impacts, and determine mechanisms to incorporate climate
adaptation into existing State and municipal programs. A draft progress report from
the Commission lists many ways the State is planning to adapt to climate change,
including:

e Creating a “Structural Concept and Contingency Plan to Inundation of the
Ferry Terminals and Island Roadway Systems”;

e Creating the “Central Landfill Disaster Preparedness Plan”;

e National Grid, our electricity and natural gas utility, undertaking a “Statewide
Substation Flooding Assessment”; and

e The Army Corps of Engineers, FEMA, and the Rhode Island Emergency Man-
agement Agency conducting a “Hurricane and Flooding Evacuation Study.”

The list goes on and on.

In the town of North Kingston, Rhode Island, they have taken the best elevation
data available and modeled 1, 3, and 5 feet of sea level rise, as well as 1 foot of
sea level rise plus 3 feet of storm surge. By overlaying these inundation models on
top of maps identifying critical infrastructure like roads, emergency routes, rail-
roads, water treatment plants, and estuaries the town will be able to prioritize
transportation, conservation, and relocation projects. They are also able to quantify
the costs of sea level rise. In one small area of the town, 1 foot of sea level rise
would put 2 buildings, valued at $1.3 million, underwater. Five feet of sea level rise,
however, jeopardizes 116 buildings valued at $91 million.

Similarly, by modeling how sea level rise will impact estuaries, towns can pre-
serve areas that will stay wetlands or undeveloped areas that will become wetlands
in the future, as opposed to areas that will be lost. Estuaries act as nurseries for
our hugely valuable fisheries and protect our homes, buildings, and communities
from storm surge. There is already limited funding to protect these important eco-
systems, and this kind of planning promotes efficiency in spending.

Now is the time to start making policy that helps us all adapt to the emerging
scientific reality that our actions affect our environment.

Nature could not be giving us clearer warnings. Whatever higher power gave us
our advanced human capacity for perception, calculation, analysis, deduction, and
foresight has lain out before us more than enough information to make the right
decisions. Only a wild and reckless greed, or a fatal hubris, could blind us to our
world’s distress signals. Fortunately, these human capacities provide us everything
we need to act responsibly, if only we will.

Senator BOXER. Thank you very much.

Now, we turn to our esteemed panel. We have two majority wit-
nesses and one minority witness.

Our first witness is Dr. Christopher B. Field, Founding Director,
Carnegie Institution of Washington’s Department of Global Ecol-
ogy, Professor of Biology and Environmental Earth Science, Free-
man Spogli Institute for International Studies, Senior Fellow, Stan-
ford University.

We welcome you.
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We ask all of our witnesses to try to stick to 5 minutes. We will
give you a little leeway there, but if you can keep it to 5.

STATEMENT OF CHRISTOPHER B. FIELD, PH.D., FOUNDING DI-
RECTOR, CARNEGIE INSTITUTION OF WASHINGTON’S DE-
PARTMENT OF GLOBAL ECOLOGY, PROFESSOR OF BIOLOGY
AND ENVIRONMENTAL EARTH SCIENCE, FREEMAN SPOGLI
INSTITUTE FOR INTERNATIONAL STUDIES, SENIOR FELLOW,
STANFORD UNIVERSITY

Mr. FIELD. Thank you, Chairman Boxer, Ranking Member
Inhofe, and Members of the Committee. I am delighted to appear
before you today to discuss one of the most important issues facing
our nation, the challenge of a changing climate.

The link between climate change and the kinds of climate ex-
tremes that lead to disasters is clear. To quote the latest report of
the Intergovernmental Panel on Climate Change, a changing cli-
mate leads to changes in the frequency, intensity, spatial extent,
duration, and timing of extreme weather and climate events and
can result in unprecedented extreme weather and climate events.

My name is Chris Field. I am a working scientist. Over the past
35 years I have published more than 200 peer reviewed papers
about all aspects of climate change. In 2008 I was asked by the
Bush administration to help coordinate the work of the Intergov-
ernmental Panel on Climate Change or IPCC. That is work that I
now do as an unpaid volunteer.

In my testimony today, I will address three aspects of the state
of science of climate change. Three key points. The first, climate
change is real. Second, some kinds of extreme events are already
increasing. Third, climate change leads to risks in the kinds of ex-
treme events that can lead to disasters.

Climate change science is complex, technical, and rapidly chang-
ing. We are very fortunate in climate science to be able to take ad-
vantage of a wide range of comprehensive assessments so that all
the scientists who are working in this complicated topic can bring
their ideas together, sort them out, see which ones stand the test
of time, and present balanced, authoritative overviews of what is
known and what is not known about climate science.

And recent assessments overwhelmingly support the conclusion
that “Climate change is occurring. It is very likely caused primarily
by the emission of greenhouse gases from human activities and
poses significant risk for a range of human and natural systems.”
This is from the 2011 report of the U.S. National Academy of
Sciences and is absolutely characteristic of what is coming from all
of the major assessments by national academies of scientists from
around the world and the Intergovernmental Panel on Climate
Change.

The conclusion that warming in the climate system is unequivo-
cal is supported by many kinds of data. Could I have the first
chart, please? Several groups have analyzed weather station data,
and they all reach strikingly similar conclusions. As you can see
from the figure on the easel, global land areas warmed by about
2 degrees Fahrenheit since 1900. We really have reached the point
where the question of whether the Earth is warming is no longer
in doubt.
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In its 2012 report on extreme events and disasters, the IPCC
concludes, based on observations, not on models, that we have ex-
perienced increases in three kinds of extremes—extremes of high
temperatures, extremes that are associated with intense precipita-
tion, and extremes that are associated with high sea levels, basi-
cally storm surge. It also provides evidence that human caused cli-
mate change has played a role in these kinds of extremes.

Now, for some kinds of climate related extremes, we do not yet
know the strength of the link with climate change. But for many
other categories of extreme climate and weather events, the pat-
tern is increasingly clear. Climate change is shifting the risk of hit-
ting an extreme. The IPCC concludes that climate change increases
the risk of heat waves, heavy precipitation, and droughts for most
land areas.

These findings about risk do not speak directly to the role of cli-
mate change in any particular event. In this sense, the increase in
risk of a climate extreme from climate change is parallel to the in-
creasing risk of an accident from speeding in a car. We can point
clearly to the causal mechanism, but it is still difficult to predict
exactly when or where the crisis, either the accident from speeding
in a car or the disaster that is related to climate change, will occur.
But still, we can still have high confidence in the driving mecha-
nism. It is also important to recognize that just as many factors in-
fluence the risk of a car accident.

The risk of climate related disasters is also influenced by a num-
ber of things like disaster preparation and early warning. As a re-
sult of recent progress in understanding the role of climate change
and the risks of extremes, it is now possible to quantify the way
that climate change alters the risk of certain kinds of extremes.
For example, climate change at least doubled the risk of the Euro-
pean heat wave of 2003. This was a major event that resulted in
tens of thousands of excess mortalities.

For the 2011 Texas drought, La Nina—this is the cold water in
the eastern Pacific—played a role. But recent research by David
Rupp and colleagues indicates that there is now more than 20
times greater likelihood of high temperatures during a La Nina
than in the 1960s. More than 20 times greater likelihood of high
temperatures now than in the 1960s.

Let me conclude with a comment about the 2011 Texas drought.
The U.S. is an agricultural superpower. It is our responsibility, I
believe, to maintain the ability of our citizens and the people of
Texas to sustain their role as the nation’s second largest producer
of agricultural income. For this hope to be realized, the farmers
and ranchers of Texas have to have access to the best available in-
formation so that they can make sound choices about their future
and their children’s future.

In summary, there is no doubt that the climate has changed and
that changes will continue with an amount that is determined by
the amount of heat trapping gases that we release into the atmos-
phere. There is also no doubt that a changing climate changes the
risk of extremes, including extremes that can lead to disasters

Senator BOXER. Ten seconds; close it up.

Mr. FIELD [continuing]. Recognizing these changing risks is crit-
ical, if we are to make good decisions about the challenges of pro-
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tecting and enhancing our natural legacy, our economy, and our
people.

Thank you very much.

[The prepared statement of Mr. Field follows:]
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Thank you Chairman Boxer, Ranking Member inhofe, and members of the Committee. I am
delighted to appear before you today to discuss one of the most important issues facing the nation — the
serious challenge of a changing climate and especially the links between climate change and extreme
events. As the US copes with the aftermath of last year’s record-breaking series of 14 billion-doliar
climate-related disasters and this year's massive wildfires and storms, it is critical to understand that the
link between climate change and the kinds of extremes that lead to disasters is clear. Overwhelming
evidence supports the conclusion in the latest report of the Intergovernmental Panel on Climate Change
that “A changing climate leads to changes in the frequency, intensity, spatial extent, duration, and
timing of extreme weather and climate events, and can result in unprecedented extreme weather and
climate events.” (IPCC 2012).

My name is Dr. Christopher Field. | am Director of the Department of Global Ecology of the
Carnegie Institution for Science and Professor in the Departments of Biology and Environmentai Farth
System Science at Stanford University. Based on work over more than 35 years, | have published more
than 200 peer-reviewed papers on many aspects of climate science, including field experiments,
analyses of large-scale climate and agriculture databases, work with satellite observations, and studies
with climate models. | am an elected member of the US National Academy of Sciences. in 2008, the
Bush administration asked me to help coordinate the work of the IPCC, the Intergovernmental Panel on
Climate Change. [ currently co-chair Working Group !l of the {PCC, which | do as an unpaid volunteer, in
my testimony today, | will be presenting information from a variety of sources, including the
assessments from the US National Academy of Sciences, the US National Oceanic and Atmospheric
Administration, the IPCC, and papers in the technical scientific literature.

My testimony today will address the state of scientific knowledge concerning three key points.
1) Overwhelming evidence establishes that climate change is real
2) Strong evidence indicates that some kinds of climate extremes are already changing
3) Climate change leads to changes in the risk of extreme events that can lead to disasters
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Thousands of scientists are carefully studying the data about climate change. Their cbservations are
published in thousands of papers in the scientific literature. These scientists also participate in
assessments of the state of knowledge, often coordinated by national academies of science or scientific
societies. These assessments to evaluate the vast and rapidly growing scientific literature on climate
change overwhelmingly support the conclusions that “Climate change is occurring, is very likely caused
primarily by the emission of greenhouse gases from human activities, and poses significant risks for a
range of human and natural systems.” This comes from the 2011 Final Report of the US National
Academy of Sciences, “America’s Climate Choices” {National Research Councii 2011). The IPCC, which
provides a mechanism for all of the world’s climate scientists to collaborate in assessing what is known
and what is not known about the science of climate change, in its 2007 report (IPCC 2007) concluded
that “Warming of the climate system is unequivocal”. “The evidence is incontrovertible: Global warming
is accurring.” is the wording used in the statement of the American Physical Society (American Physical
Society 2010).
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Figure 1: Global land temperature since, 1800, based on weather station data. The references for
the published studies are: (Hansen et al. 2010}, (Jones et al., NOAA 2012b)}, (Smith and Reynolds
2005). The Berkeley data are online at: http://berkeleyearth.org/.

Several research groups have analyzed the records from weather stations, and these groups
reach strikingly similar conclusions about the historical trend. Relative to 1900, the global land area has
warmed by about 2°F (Figure 1). The record shows warming from 1900 to about 1940, a period of
relatively constant temperatures from 1940 until about 1970, and rapid warming since 1980. In the
past, there were some indications that trends from temperatures measured by satellites showed a
different pattern, but several recent analyses demonstrate that, when the satellite data are analyzed
carefully, the trends from the land-based weather stations and the satellites are consistent (Karl et al.
2006). We have reached the stage where the question of whether Earth is warming is not in doubt.
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In its 2012 report “Managing the risks of extreme events and disasters to advance climate
change adaptation”, the [PCC (IPCC 2012) conciuded that “A changing climate leads to changes in the
frequency, intensity, spatial extent, duration, and timing of extreme weather and climate events, and
can result in unprecedented extreme weather and climate events.” Based on the analysis of historical
records since 1950, the report identified trends of increasing extreme hot temperatures, intense
precipitation, and extreme high sea levels. It concluded that there is evidence that human-caused
climate change played a role in these changes in extremes. The report identified some areas where
droughts have become longer and more intense {including southern Europe and West Africa), but others
where droughts have become less frequent, less intense, or shorter.

The trend in extreme hot temperatures is striking in the proportion of record-setting daily highs
versus record daily fows in station data from the US National Weather Service {Figure 2). inan
unchanging climate, the expectation is that, for any given date, one should see approximately equal
numbers of record high temperatures and record low temperatures. For the US, that is exactly the
pattern for 1950 to 1989, but the proportion of record-setting highs has been growing and the
proportion of record lows has been shrinking since then. From 1990 to 2008, 63% of the daily records
were high temperatures and only 37% were lows. In 2009, 55% of the records were record highs. The
numbers were 69% record highs in 2010 and 73% record highs in 2011. For the first six months of 2012,
92% of the daily temperature records in the US were record highs. Through the first 23 days of July,
there were 20 record high temperatures for every record low.

Daily Temperatures in the US 2012
More Record Highs than Lows
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Figure 2: Changing pattern of daily temperature records in the US, based on US weather stations. if the
climate is not changing, the number of racord-setting high temperatures should be approximately the
same as the number of record-setting low temperatures. References for the published study and the

newer data are: {Meehl et al. 2009) (http://www.ncdc.noaa.gov/extremes/records/}.
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The US experienced 14 billion-dollar disasters in 2011, a record that far surpasses the previous
maximum of 9 {NOAA 2012a}. The 2011 disasters included a blizzard, tornadoes, floods, severe weather,
a hurricane, a tropical storm, drought and heat wave, and wildfires. in 2012, we have already
experienced horrifying wildfires, a powerful windstorm that hit Washington DC, heat waves in much of
the country, and a massive drought currently affecting more of the US than any drought since 1988.

For several of these categories of disasters, the strength of any linkage to climate change, if
there is one, is not known. Specifically, the IPCC (IPCC 2012) did not identify a trend or express
confidence in projections concerning tornadoes and other small-area events. The evidence on
hurricanes is mixed.

For other categories of climate and weather extremes, the pattern is increasingly clear. Climate
change is shifting the risk of hitting an extreme. The IPCC (IPCC 2012) concludes that climate change
increases the risk of heat waves (90% or greater probability), heavy precipitation (66% or greater
probability), and droughts (medium confidence) for most land areas. These findings about risk do not
speak directly to the role of climate change in any particular event. In this sense, the increase in risk of a
weather extreme from climate change is paralle! to the increasing risk of an accident from speeding in a
car. The evidence pointing to the driving force behind the extra risk {either the climate change of the
excess speed) can be strong, but it is still difficuit to predict exactly when and where disaster might
occur. And just as many factors influence the risk of a car accident, the risk of a weather-related
disaster is strongly influenced by disaster preparations, early warning, and the integrity of local
infrastructure like buildings, roads, and the electricity grid.

Understanding the role of climate change in the risk of extremes is one of the most active areas
of climate science {Peterson et al. 2012). As a result of rapid progress over the last few years, it is now
feasible to quantify the way that climate change alters the risk of certain events or series of events. For
example, climate change at least doubled the risk of the European heat wave of 2003 (Stott et al. 2004),
a high-impact extreme that led to tens of thousands of premature deaths, especially among the elderly
or infirm {Robine et al. 2008). On the other hand, there is no evidence that climate change played a role
in the serious flooding in Thailand in 2011 (Van Oldenborgh et al. 2012). The primary causal agent there
was altered land management. For the 2011 Texas drought, La Nifia (cold water in the eastern Pacific)
played a role, but recent research by David Rupp and colleagues concludes that, in a La Nifia period,
extreme heat is now 20 times more likely than in the 1960s {Rupp et al. 2012},

Let me conclude with a comment about the way | see my responsibility as a scientist,
particuiarly in the context of the 2011 Texas drought. Our natici is an agricuftural superpower, and
farming and ranching are among our highest callings. | hope Texans have the opportunity to maintain
Texas as the nation’s second largest source of agriculture income. For this hope to be realized, the
farmers and ranchers of Texas need to have access 1o the best available information about the risks they
face and their options for dealing with them, Climate change is altering those risks, and the people of
Texas, indeed the people of the United States, need to know this to make good decisions about their
future and their children’s future.

In summary, there is no doubt that climate has changed and that changes will continue in the
future, with human emissions of heat-trapping gases playing a major role. There is also no doubt that a
changing climate changes the risk of extremes, including extremes that can lead to disaster. it is only by
understanding those risks in the most clear-headed, objective way possible that we, as a nation, can
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make good decisions about the challenges of protecting and enhancing our natural legacy, our economy,
and our people.
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Christopher Field
8 January 2012

Questions from Senator Boxer

1) Your testimony states a key conclusion of a recent report about the impacts of climate change on

extreme weather: “A changing climate leads to changes in the frequency, intensity, spatial extent,
duration, and timing of extreme weather and climate events, and can result in unprecedented
extreme weather and climate events.”

Could you please describe the implications of a change in the frequency of extremes and how these
changes could impact people’s lives?

In general, climate poses risks to people, infrastructure, and ecosystems mainly under
extreme conditions. People, infrastructure, and ecosystems are usually adapted to typical
conditions, so that they do not experience typical or nearly typical conditions as stressing the
system. It is when weather events move things away from typical conditions that things start
to break. Weather extremes can turn into disasters when conditions are too hot, too cold, too
wet, too dry, or too windy. Over the last decades, economic losses from disasters in the US
have typically been in the tens of billions of dollars a year, with the highest losses in 2005,
the year of hurricane Katrina.

The risk that a climate or weather extreme turns into a disaster depends not only on the
weather event but also on the exposure (the amount of assets in harm’s way) and the
vuinerability or susceptibility to damage. Globally, economic disaster losses have increased
in the last 30 years, largely as a consequence of increasing exposure. During this period,
most of the economic losses from climate-related disasters have been concentrated in the
world’s developed countries. The overwhelming majority of the loss of life, approximately
95%. has been in developing countries.

In general, disaster losses are decreased when people and societies are prepared.
Historically, preparation is better for types of disasters that have occurred recently. One of
the biggest challenges with climate change is that the traditional pattern of basing disaster
risk reduction on historical experience is not effective. Protecting people and societies will
require new approaches to risk communication and risk management. The prospect of
changing risks places a high priority on effective planning and learning by doing.
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2} The 2012 IPCC report which you co-authored states: “Extreme events will have greater impacts on
sectors with closer links to climate, such as water, agriculture, and food security, forestry, health,
and tourism...”

In California in 2010, agriculture had revenues of $37.5 billion and tourism supported nearly 900,000
jobs and nearly $90 billion in direct spending.

Could more frequent and intense extreme weather events impact these types of key economic
sectors?

Yes, agriculture and tourism are among the activities that are generally most sensitive to
climate and to climate extremes. Agriculture in California, the nation’s most important
agricultural state in terms of economic value of the production, is especially vulnerable to
climate for two main reasons. The first is that water shortages are always a risk for
California agriculture. Warming poses grave risks for the ability of the California water
system to continue to provide water at historical levels, largely because warming makes it
more difficult to store precipitation as snow. When precipitation falls as rain or when the
snowmelt is early, California loses up to a third of its water storage capacity.

The second unusual challenge for California agriculture is that most of the major crops are
perennial plants. Crops like grapes, oranges, nuts, and avacados all come from plants that
live for many years and often do not reach maximum production for several years. When
perennial plants are damaged by a weather extreme, the losses typically go well beyond the
price for replacement plants. Often, the real price is the delay in getting back to market.

In California, the historic risks to climate-related crop production have come from lack of
water for irrigation but also from flooding, high temperatures, and Jow temperatures. One
well documented example of temperature sensitivity concerns the fact that cherry trees
require a chilling period to set fruit, and many traditional cherry areas are now becoming too
warm for consistent cherry production.

Tourism is also vulnerable to climate change. One of the most vulnerable activities is skiing.
California ski areas tend to be delightfully warm during the winter months, but this means
that temperatures are not much below freezing. Ski areas around the country, including
California are discovering that they need to make changes in opening or closing dates and in
the operation of low-elevation runs. Golf is another example of a climate sensitive sport,
mainly because courses require large amounts of water, year-round. Variability in
precipitation and water availability are major banes of golfing. Other aspects of tourism with
the potential to be climate sensitive include tourism related to agriculture (especially wine
production) and summer access to fire prone areas. In the area of ag-tourism, the big issue is
variability in water supply. In fire prone areas (inciuding most of the forested are in the US),
a relatively small change in fire frequency can result in a large change in suitability for
agriculture.
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3} What influence is climate change expected to have on the frequency of extreme events? Can you
please discuss the trend in record high temperatures in the U.S. and whether this trend is consistent
with climate change?

Based on the announcement made January 8 by NOAA, 2012 was the hottest year on record
in the contiguous US. It was hotter than the previous record, 1998, by about | degree and
hotter than the 20" century average by 3.2 degrees. Weather stations in the US recorded
34,007 record highs in 2012 but only 6407 record lows. In 2012, the US experienced 11
disasters with economic losses exceeding $1 billion. These ranged from horrifying wildfires
in Colorado, to intense drought in the Midwest, to hurricane Sandy in the East. Washington
DC experienced a fierce “Derecho™. Many of these events are examples of the kinds of
events that are likely to become more frequent or more damaging as a result of climate
change. The link between warming and heat waves is clear, as is the link between warming
and wildfires. Data on the link between warming and drought is still incomplete, but some
regions are already experiencing more sever or long-lasting droughts. We still don’t know if
warming will influence the frequency or severity of hurricanes and other storms, but sea-
level rise is already amplifying damages related to storm surge.
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Senator BOXER. Thank you, Dr. Field.

Now, I understand—Senator Sessions, would you like to intro-
duce the minority witness, John Christy, Dr. Christy?

1 Se}zlnator SESSIONS. I would be honored if you would allow me to

o that.

Senator BOXER. I would love for you to do that. Sure.

Senator SESSIONS. Dr. Christy is a Distinguished Professor of At-
mospheric Science, I believe the only climatologist here today.
Since 1987 he has been a professor at the Atmospheric Science De-
partment at the University of Alabama, Huntsville. He currently
serves as Director of the Earth Science System Center. He holds
Master and Doctorate degrees in Atmospheric Sciences from the
University of Illinois and in mathematics and a Master of Divinity.

He has served as Alabama State Climatologist since 2000. Dur-
ing his time, he was worked with Dr. Roy Spencer to produce a
global temperature data set from satellite observation. For their
work, Drs. Christy and Spencer were awarded NASA’s prestigious
Medal for Exceptional Scientific Achievement in 1991. Five years
later he and Dr. Spencer were recognized by the American Mete-
orological Society for the development of a precise record of global
temperatures from operational polar orbiting satellite data.

For his contribution to climatology and research, he was inducted
as a Fellow into the American Meteorological Society in 2002. He
has been involved with the Intergovernmental Panel on Climate
Change by serving as a contributor and lead author on U.N. re-
ports. Through his efforts working with the IPCC, satellite tem-
perature became classified as high quality data sets for the purpose
of climatology research.

He served on five different national research council panels and
committees, participated in research projects funded by NASA,
NOAA, DOE, and DOT and the State of Alabama, published nu-
merous times in journals including Science and Nature, Journal of
the Climate, and Journal of Geophysical Research. He has spent
time in Africa. He is married with children and is no stranger to
Washington. He has testified over a dozen times at the House and
the Senate.

Thank you, Madam Chair.

Senator BOXER. Thank you so much. And I reserve the right to
extend and revise my introductions to include the life stories, the
awards, and the great speeches of our two witnesses.

[Laughter.]

Senator BOXER. But you could not have done a better job.

Dr. Christy, go ahead.

STATEMENT OF JOHN R. CHRISTY, PH.D., DISTINGUISHED
PROFESSOR, DIRECTOR OF THE EARTH SYSTEM SCIENCE
CENTER, DEPARTMENT OF ATMOSPHERIC SCIENCE, UNI-
VERSITY OF ALABAMA IN HUNTSVILLE

Mr. CHrISTY. Thank you, Chairman Boxer, Ranking Member
Inhofe, and Senator Sessions and Committee members.

I am a climate scientist. I build data sets from scratch to answer
questions about climate variability and to test assertions people
make about climate change. And that really is what the scientific
method is all about.



107

During the heat wave of late June and early July, high tempera-
ture extremes were becoming newsworthy. Claims were made that
thousands of records were broken each day, and that is what global
warming looks like. And that got a lot of attention.

However, these headlines were not based on climate science. As
shown in Figure 1.3 of my testimony, which did not make it here
today, it is scientifically more accurate to say this is what Mother
Nature looks like because events even worse than these that we
have seen here have happened in the past before greenhouse gases
were increasing like they are today.

Now, it gives some people great comfort to offer a quick and easy
answer when weather strays from the average rather than struggle
with what the real truth is. The real truth is we do not know
enough about the climate to even predict events like this.

Climatologists looking at the heat wave would not be alarmed be-
cause the number of daily high temperature records set in the most
recent decade was only—were actually less than half of that set in
the 1930s, as shown in my written testimony.

Senator SESSIONS. Would you like to use this chart that I had?

Mr. CHrISTY. No, it is a different chart. It is a different chart.
But thank you, Senator. It is a different chart. More dramatic, I
think, but I did not make it up.

I suppose most people forget that Oklahoma set a new record low
of 31 below; it was not 27, it was 31 below this past year. And in
the past 2 years, towns from Alaska to my home State of California
established records for snowfall.

The recent anomalous weather cannot be blamed on carbon diox-
ide. More evidence is available now to suggest that the climate is
not as sensitive to extra greenhouse gases as previously thought,
and now I will put that second one there. This is a spaghetti chart.
There are 34 climate models on there.

But if you just focus on the black line that Senator Sessions
showed earlier, that is what the models indicate should be hap-
pening now. And yet the real world, where the circles are, you see
it at the bottom, is what has actually happened.

The temperature of the models clearly has overdone what has
happened, and when considering legislation I would encourage you
to base it on the observations rather than the speculative trends
of climate models. And basing legislation on observations means
addressing the large year to year variations that were talked
about, like droughts and flood that caused so much economic dis-
tress.

There is still a discrepancy between the warming and the tradi-
tional surface data sets and less warming in the atmosphere. A
new study led by my colleague, UA Huntsville’s Richard McNider,
along with my observational studies, explains part of the reason for
the difference. When the surface and air around a thermometer
station are disturbed by, say, urbanization, farming, aerosols, and
so on, nighttime surface temperatures will appear to be warm due
to a complicated turbulent process, not the greenhouse effect. The
bottom line is that traditional surface temperature is contaminated
by such effects and is not an accurate indicator of greenhouse
warming.
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When it comes to legislation or regulatory actions, there really is
nothing that will definitively alter whatever the climate is going to
do. However, I suspect there will be some discernible economic con-
sequences if energy costs rise.

As more CO; is released back into the atmosphere, there are ben-
efits that are often overlooked. Most notable of these is the
invigoration of plant life on which we and the rest of the animal
world depend for food. CO; is fundamentally plant food, and there-
fore, our food.

Today, carbon energy provides about 87 percent of the world’s en-
ergy demand. So, if CO; is increasing, that is an indicator that a
nation is providing energy for its people who then live longer,
healthier, and more productive lives. As someone who has lived in
Africa, I can say that energy—without energy, life is brutal and
short. So this is a goal of poor countries, to access energy.

I will close with this unpleasant thought. Demanding a reduction
in worldwide CO, emissions without affordable, reliable alter-
natives means reducing the hope for prosperity of our fellow world
citizens who are struggling to escape their impoverished condition.

Thank you for your time. I will be happy to answer questions
that you may have.

[The prepared statement of Mr. Christy follows:]
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John R. Christy, PhD
Alabama State Climatologist
The University of Alabama in Huntsville
Senate Environment and Public Works Committee
1 August 2012
One Page Summary

1. It is popular again to claim that extreme events, such as the current central U.S.
drought, are evidence of human-caused climate change. Actually, the Earth is very large,
the weather is very dynamic, and extreme events will continue to occur somewhere,
every year, naturally. The recent “extremes” were exceeded in previous decades.

2. The average warming rate of 34 CMIPS IPCC models is greater than observations,
suggesting models are too sensitive to CO2. Policy based on observations, where year-to-
year variations cause the most harm, will likely be far more effective than policies based
on speculative model output, no matter what the future climate does.

3. New discoveries explain part of the warming found in traditional surface temperature
datasets. This partial warming is unrelated to the accumulation of heat due to the extra
greenhouse gases, but related to human development around the thermometer stations.
This means traditional surface datasets are limited as proxies for greenhouse warming,.

4. Widely publicized consensus reports by “thousands™ of scientists are misrepresentative
of climate science, containing overstated confidence in their assertions of high climate
sensitivity. They rarely represent the range of scientific opinion that attends our
relatively murky field of climate research. Funding resources are recommended for “Red
Teams” of credentialed, independent investigators, who already study low climate
sensitivity and the role of natural variability. Policymakers need to be aware of the full
range of scientific views, especially when it appears that one-sided-science is the basis
for promoting significant increases to the cost of energy for the citizens.

5. Atmospheric CO2 is food for plants which means it is food for people and animals.
More CO2 generally means more food for all. Today, affordable carbon-based energy is
a key component for lifting people out of crippling poverty. Rising CO2 emissions are,
therefore, one indication of poverty-reduction which gives hope for those now living in a
marginal existence without basic needs brought by electrification, transportation and
industry. Additionally, modern, carbon-based energy reduces the need for deforestation
and alleviates other environmental problems such as water and air pollution. Until
affordable energy is developed from non-carbon sources, the world will continue to use
carbon as the main energy source as it does today.
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Written Statement of John R. Christy
The University of Alabama in Huntsville
Committee on Environment and Public Works
1 August 2012

1 am John R. Christy, Distinguished Professor of Atmospheric Science, Alabama’s State
Climatologist and Dircctor of the Earth System Science Center at The University of
Alabama in Huntsville. I have served as a Lead Author and Contributing Author of IPCC
assessments, have been awarded NASA’s Medal for Exceptional Scientific Achievement
and in 2002 elected a Fellow of the Amecrican Meteorological Socicty.

It is a privilege for me to offer my views of climate change based on my cxperience as a
climate scientist. My research arca might be best described as building datasets from
scratch to advance our understanding of what the climate is doing and why. This often
involves weeks and months of tedious cxamination of paper records and then digitizing
the data for usc in computational analysis. 1 have used traditional surface observations as
well as measurements from balloons and satellites to document the climate story. Many
of my datasets are used to test hypotheses of climate variability and change. In the
following 1 will address five issucs that are part of the discussion of climate change
today, some of which will be assisted by the datascts I have built and published.

1. EXTREME EVENTS

Recently it has become popular to try and attribute certain extreme events to human
causation. The Earth however, is very large, the weather is very dynamic, especially at
local scales, so that cxtreme events of onc type or another will occur somewhere on the
planct in every year. Since there are innumerable ways to define an extreme event (i.e.
record high/low temperaturcs, number of days of a certain quantity, precipitation total
over 1, 2, 10 ... days, snowfall amounts, ctc.) this essentially assures us that there will be
numerous “extreme cvents” in cvery year because every year has unique weather
patterns. The following assesses some of the recent “extreme events™ and demonstrates
why they are poor proxies for making claims about human causation,

Midwestern Drought

To put it simply, Andreadis and Lettenmaicr (2006) found that for the Midwest,
“Droughts have, for the most part, become shorter, less frequent, less scvere, and cover a
smaller portion of the country over the last century.” In other words, droughts have
always happened in the Midwest and they are not getting worse {more on Midwest heat
waves below and on Midwest drought in Section 2).

Environment and Public Works 2 John R, Christy, I August 2012
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Extreme High and Low Temperatures

Another extreme metric is the all time record high temperature for each state. The
occurrence of the records by decade (Figure 1.1 below) makes it obvious that the 1930s
were the most extreme decade and that since 1960, there have been more all-time cold
records set than hot records in gach decade.

FIGURE 1.1 Number of State Record High and Low
Temperatures
25 by Decade {NOAASNCDC/Extremes/SCEC

H

& State Record High

State Record Low

However, there are only 30 states, and this is a number that isn’t large enough to give the
best statistical results. Below are the year-by-year numbers of daily all-time record high
temperatures from a set of 970 weather stations with at least 80 years of record
(NOAA/NCDC/USHCONvY2). There are 365 opportunities in each year (366 in leap years)
for each of the 970 stations to set a record high (TMax). These have been added up by
years and displayed in the Fig. 1.2 below. Note the several years above 6000 events prior
to 1940 and none above 3000 since 1954, The clear evidence is that extreme high
temperatures are not increasing in frequency, but actually appear to be decreasing. The
recent claims about thousands of new record high temperatures were based on stations
whose length-of-record could begin as recently as 1981, thus missing the many heat
waves of the 20™ century. Thus, any moderately hot day now will be publicized as
setting records for these young stations because they were not operating in the 1930s.
The figure below gives what a climatologist would want to know because it uses only
stations with long records.
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FIGURE 1.2 Tmax Daily Records 1895-2011
70 USHCN Stations with at least 80 years of Observations
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The somewhat ragged line above is more meaningful for climate purposes if we take the
total record highs for ten-year periods, year-by-year, i.e. 1895-1904, 1896-1903, ... 2002-
2011, In Figure 1.3 below the record daily highs for 704 stations which have at least 100

vears of data are plotted. Note that the value for the most recent decade is less than half
of what was observed in the 1930s.

y

FIGURE 1.3 704 USHCNv2 Stations with 100 vears of data
10-year Running Total of TMax Daily Records
1895-1904 to 2002-2011
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To include the heat wave of 2012 in this discussion, I have calculated the number of
record high temperatures (Fig. 1.4) for stations in 7 central-US states where the heat is
worst {AR-IL-IN-IA-MO-NE} and stations on the West Coast (CA-OR-WA). The
groupings have about the same number of stations and all years show results beginning in
January and ending on 25 July of each vear. Notice that the Central-US and West Coast
both felt the heat waves of 1911 and the 1930s when the highest number of events
occurred for both regions. However, the carrent 2012 event shows high numbers in the
Central-US, but a dearth of record highs along the West Coast, indicating the extent of
the heat wave is smaller than previous events. (Note the values for 2012 have been
increased by 15 percent to account for a few missing stations.)

FIGURE 1.4 Trmax Daily Records 1885-2012 {to 25 July each year}
[AR-IL-IN-IA-KS-MO-NE] and [CA-OR-WA] 80 years of Observations
2500
w4 R IL-IN-TA-KS-MO-NE
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A different picture emerges for the record cold temperatures for 970 US stations (TMin,
Figure 1.5). Here we see a more even distribution up through the 1980°s with a fairly
noticeable drop-off in record low temperatures over the past 25 vears. The cause for this
drop-off is discussed in Section 3 of this testimony.
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FIGURE 1.5 TMin Daily Records 1895-2011
970 USHCN Stations with at least 80 yvears of Observations
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An interesting result is produced by taking the ratio year-by-year of the number of TMax
daily records divided by the number of TMin daily records (Figure 1.6 below). The two
large periods of more record highs than lows are in the 19305 and the last 15 years. The
first high-ratio period in the 1930s was due to numerons TMax records while the more
recent period was due to fewer TMin records. This decline in the record low temperatures
(TMin) in the past 25 years is likely related to the general disturbance by human
development around the thermometer stations (again, discussed in Section 3). Meehl et
al., 2009 did a similar analysis, but started later, in 1950, This led to the claim of a
rapidly rising ratio of record highs to record lows. Had the authors gone back only two
more decades to look at a more complete climate record, and had taken into secount the
contamination of TMin values, the claim of rapidly increasing ratios would not hold.

FIGURE 1.6 Ratio Trmax/Tmin Daily Records by yvear: 1895-2011
10.0 704 USHCNY2 Stations with at least 100 vears of observations |
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Texas Drought of 2011

A recent claim that the 2011 drought in Texas was 20 times more likely due to extra
greenhouse  gases  was  based on  statisics  from. a  modeling  exercise
(hitp://www.nosanews. noaa.gov/stories2012/20120710_stateoftheclimatereport.html.)

As it trns out, the model overstated the warming rate of Texas, so that it’s statistics
wouldn’t apply correctly to the real world. In fact; the authors of the original article
actually made that point in their study saying the result gave very limited information
regarding real world impacts, and that the amount of impact of greenhouse gases was
unknown, See  hutpdeliffmass blogspoteom/2012/0 T esasall-tales-and-global-
warming html and  hitp//blop.chron.com/climateabyss/2012/07 twenty-times-more-
likely=not-the-science/ for more expim}ation. This was (another) unforfunate episode in

misrepresenting the science of climatology.

Colorade Fires

Colorado has been in the news this year due to a ptmber of serious wildfires: These fires
are usually caused by humans and problematic to study from a climate standpoint
because of fire suppression activities that have been around since the turm of the 20®
century, Whereas there were many low-intensity fires before these efforts began, now
there tend to be fewer but more intense fires due to the buildup of fuel. Western fires in
the past have covered much more ground than the tragic fires we see today {(e.g. 1910
over 3 million acres). In any case, droughits are related to weather patterns that become
stationary, so it is useful to ask the question: have weather patterns shown  tendency to
become more stationary, thus creating the opportunity for long dry/hot or wetfcool spells?
{Note that the current heat in the Plains i3 one half of the pattern, the cooler-thap-normal
West Coast/Alaska is the other)

A project which seeks to generate consistent and systematic weathier maps back to 1871
{20 Century Reanalyisis Project, hitpy//www.esrhnoaa gov/psd/data20thC_Rean/) has
taken a look at the three major indices which are often related to extreme events. As Dr.
Gill Campo of the University of Colorado, leader of the study, noted to the Wall Street
Journal {10 Feb 2011) “... we were surprised that none of the three major indices of
climate variability that we used show a trend of increased circulation going back to
1871 {The three indices were the Pacific Walker Cireulation, the North Atlantic
Oscillation and the Pacific-North America Oscillation, Compo et al. 2011) In other
words, there appears to be no supporting evidence over this period that human factors
have influenced the major circulation patterns which drive the larger-scale extreme
events. Again we point to natural, unforced variability. (Le. Mother Nature) as the
dominant feature of events that have transpired in the past 130 vears.
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U.8. Drought

Though the conterminous U.S. covers only 1.8 percent of the globe, there are good
records for many weather variables. Below is the month-by-month percentage of the area
that is classified as-moderate to extreme for dryness and wetness from NOAA. As can be
seen below there is a tremendous amount of variability (near zero to near 80 percent), but
no long-term trend.
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Recent snowfall in the United States

Snowfall reached record levels in 2009-10 and 2010-11 10 some eastern US locations and
also in a few western locations in 2010-11. NOAA’s Climate Scene Investigators
commitiee issued the following statement regarding this, indicating, again, that natural,
unforced variability (again, Mother Nature) explains the events,

Specifically, they wanted to know if human-induced global warming could
have caused the snowstorms due to the fact that a warmer atmosphere holds
more water vapor. The CSI Team's analysis indicates that's not likely. They
found no evidence ~— wno human “fingerprints” -~ o implicate owr
involvement in the snowstorms. If global warming was the culprit, the teom
would have expected io find a gradual increase in heavy snowstorms in the
mid-Atlantic region as femperatures rose during the past centwry. But
historical analysis revealed no such increase in snowfall.

In some of my own studies I have looked closely at the snowfall records of the Sierra

Nevada mountains of California from the earliest records from the Southern Pacific
Railroad beginning in 1878, Long-term trends in snowfall (and thus water resources) in
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this part of California are essentially zero, indicating no change in this valuable resource
to the state {Christy and Huilo, 2010, Christy 2012.)

From the broad perspective, where we consider all the extremes above, we should see a
warning ~ that the climate system has always had within itself the capability of causing
devastating events and these will certainly continue with or without human influence on
the climate. Thus, societies should plan for infrastructure projects to withstand the worst
that we already know has occurred, and to recognize, in such a dynamical system, that
even worse evenis should be expecied. In other words, the set of the measred extreme
events of the small climate history we have, since about 1880, does not represent the full
range of extreme events that the climate system (Le Mother Nature) can actually
generate. The most recent 130 vears is simply our current era’s small sample of the long
history of climate.

There will cerfainly be events in. this coming century that exceed the magnitude of
extremes measured in the past 130 years in many locations. To put it another way, a
large percentage of the worst extremes over the period 1880 to 2100 will occur affer 2011
simply by statistical probability without any appeal to human forcing at all. Records are
made to be broken. Going further, one would assume that about 10 percent of the record
extremes that occur over a thousand-year period ending in 2100 should oceur in the 21%
century. Are we prepared to deal with cvents even worse than we've seen so far?
Spending which is directed to creating resiliency to these sure-to-come extremes,
particularly drought/flood extrémes, seems rather prudent to me ~ since there are no
human means to make them go away regardless of what some regulators might believe,

Looking at the longer record of climate patterns

Climatologists realize that the period of time over which we have had instruments to
measure the climate (~130 years) is very brief compared to the history of the current
10,000-year interglacial period.  Taking a look at the larger picture shows the capability
of Mother Nature to produce extreme situations.

Megadroughts of the past 1000+ vears

There are several types of records from the flora and fauna of the past 1000 years that

provide evidence that droughts of extreme duration {decades) occurred in our nation,
primarily in the Great Plains westward to the Pacific Coast.
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California

At right are photos from Lindstrom (1990) in which
trees grew on dry ground around 900 vears ago in
what is now a Sierra Nevada alpine lake. This
indicates that a drastic but natural change to a much
drier climate must have lasted for at least a century -
for trees to have grown to these sizes on dry ground,

Rocky Mountains

A 500-year history of moisture in the upper
Colorado River basin (below) indicates the past cenfury was quite moist while major
T e multi-decadal droughts
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examaning the paleo-record, the
present-day droughts “could be
worse.” These and  other
gvidences point to the real
probability that water supply in

the West will see declines
simply as a matter of the natural variability of climate.

Great Plains

In the Great Plains, the period from 3000 to 1500 years ago saw a drier and warmer
climate during which a significant parabolic sand dune ecosystem developed, especially
in western Nebraska and NE Colorado (Muhs 1985). In other words, the Great Plains
resembled a desert. Many of these arcas experienced dune “reactivation”™ during
Medieval times (900-1300 AD). Then, the climate moistened and cooled beginning
around 1300 AD to support the short-grass prairie seen today, though “reactivation” is
possible at any time (Schmeisser, 2009). Indeed, Muhs and Holliday (1995) found that
dune reactivation can occwr within decadal time. scales from extended drought by
examining the Great Plaios environment of only the past 150 vears.

With the massive use of ground water for irrigation, the High Plains Aquifer has declined
an average of 12.8 fi, with some areas in the Téxas panhandle down over 150 £, The
key point here is that the Plains is subject to natural (and sobering) long-term droughts
that would very likely tax the current water management system (ground-water
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withdrawals) while not replenishing the aquifer, producing a situation of reduced
agricuitural productivity, especially in its southem reaches.

A sample study of why extreme events are poor metrics for global changes

In the examples above, we don’t see increases in extreme events (which is also true for
tornadoes, hurricanes, floods, ete. - see my House testimony of 31 March 2011) but we
must certainly be ready for more to come as part of nature’s variability. I want to
illustrate how one might use extreme events to conclude (improperly 1 believe) that the
weather in the USA is becoming less extreme and/or colder.

Going back to Fig. 1.1 (the number of ali-time state records) we see the following. About
75§ percent of the states recorded their hottest temperature prior to 1955, and, over 50
percent of the states experienced their record cold temperatures after 1940, Overall, only
a third of the records (hot or cold) have been set in the second half of the whole period.
One could conclude, if they were so inclined, that the climate of the US is becoming less
extreme because the occurrence of state extremes of hot and cold has diminished
dramatically since 1955, Since 100 of anything appears to be a fairly large sample 2
values for each of 30 states), this on the surface seems a reasonable conclusion,

Then, one might look at the more recent record of extremes and leam that no state has
achieved a record high temperature in the last 15 vears (though one state has tied theirs.)
However, five states have observed their all-time record low temperature in these past 15
years plus one tie. This includes last year’s record low of 31°F below zero in Oklahoma,
breaking their previous record by a rather remarkable 4°F. If one were so inclined, one
conld conclude that the weather that people worry about {extreme cold) is getting worse
in the US. (Note: this lowering of absolute cold temperature records is nowhere forecast
in climate model projections, nor is a significant drop in the occurrence of exireme high
temperature records.)

I am not using these statistics to prove the weather in the US is becoming less exireme
andfor colder. My point is that extreme events are poor metrics to use for detecting
climate change. Indeed, because of their rarity (by definition) using extreme events fo
bolster a claim about any type of climate change {warming or cooling) runs the risk of
setting up the classic “non-falsifiable hypothesis.”. - For example, we were told by the
IPCC that “milder winter temperatures will: decrease heavy snowstorms™ (TAR WG2,
15.2.4.1.24). After the winters of 2009-10 and 2010-11, we are told the opposite by
advocates of the IPCC position, “Climate Change Makes Mailor Snowstormis More
snowstorms:

more-likelyv-0306 html).
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The non-falsifiable hypotheses can be stated this way, “whatever happens is consistent
with my hypothesis.” In other words, there is po event that would “falsify” the
hypothesis.  As such, these assertions cannot be considered science or in anyway
informative since the hypothesis’ fundamental prediction is “anything may bappen.” In
the example above if winters become milder or they become snowier, the non-falsifiable
hypothesis stands. This is not science,

As noted above, there are innumerable types of events that can be defined as extreme
events ~ so for the enterprising individual (unencumbered by the scientific mﬁthg:}d),
weather statistics can supply an unlimited, target-rich environment in which to discovera
“gseful” extreme event. It's like looking at all of the baseball games in history fo
calpulate an extreme event. Since every game is unique in some way, that uniqueness
can be asserted to be an extreme (i.e. number of consecutive alternating strikes and balls,
number of fouls from left-handed batters thrown by left-handed pitchers, number of
players in third inning with last name starting with “R”, etc.)

Thus, when the enterprising individual observes an wnusual weather event, it may be
tempting to define it as a once-for-all extreme metric to “prove” a point about climate
change — even if the event was measured at a station with only 30 years of record. This
works both ways with extrernes, If one were prescient enough to have predicted in 1996
that over the next 15 years, five states would break all-time record cold temperatires
while none would break record high temperatures as evidence for cooling, would that
prove CO2 emissions have no impact on climate? No. Extreme events happen, and thelr
causes are intricately tied to the semi-unstable dynamical situations that can occur out of
an environment of natural, unforced variability.

Science checks hypotheses (assertions) by testing specific, falsifiable predictions implied
by those hypotheses. The predictions are to be made in a manner that, as much as
possible, is blind to the data against which they are evaluated. It is the testable
predictions from hypotheses, derived from climate mode! output, that run into trouble as
shown in Section 2. Before going on to that test, the main point here is that extreme
events do pot lend themselves as being rigorous metrics for convicting human CO2
emissions of being guilty of causing them.

2. RECENT CLIMATE MODEL SIMULATIONS
One of the key questions policymalkers ask is what will happen with the Barth’s weather

in the decades to come. More importantly, they want to know how things might change
specifically for their constituents,  One pathway to follow is to examine the cutput of
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climate models that seek to predict Hkely outcomes. If one has a lot of confidence in the
model projections that terrible weather is on the horizon, then it is tempting 1o devise
policy that the same models say would indicate would somehow mitigate that problem.

In Figore 2.1 below, I display the results from 34 of the latest climate model simulations
of global temperature that will be used in the upcoming IPCC ARS assessment on climate
change (KNMI Climate Explorer). All of the data are given a reference of 1979-1983,
i.e. the same starting line, Along with these individual model runs 1 show their average
{thick black line) and the results from observations (symbolg). The two satellite-based
results (circles, UAH and RSS) have been proportionally adjusted so they represent
surface variations for an apples-to-apples comparison. The evidence indicates the models
on average are over-warming the planet by quite a bit, implying there should be little
confidence that the models can answer the question asked by policymakers. Basing
policy on the circles {i.e. real data) seems more prudent than basing policy on the thick
line of model output. Policies based on the circles would include adaptation to extreme
events that will happen because they've happened before (noted above and below) and
since the underlying trend is refatively small,
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A more specific question for those of us in the Southeast is what might happen to our
growing season rainfall — a key variable for our economy. Figure 2.2 below shows what
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these 34 models depict for March to July rainfall (7-year running averages) with the
circles being the observations. It's apparent first of all that the models are generally too
dry. Secondly, there really is no information for policy here. The trend in the average of
the models is so close to zero as to be uninformative (+0.8 inches/century for 1980 -
2100} with results varying from 3.7 inches/century wetter to 1.6 inches/century drier.
Neither one of these rates is important because the year-to-year variations in rainfall from
observations show a range from 14.9 to 30.7 inches. It is apparent that for a critical
guantity such as precipitation, one cannot have confidence in model projections, nor in
their attempts to demonstrate what might happen with control strategies for carbon
dioxide. Again, an examination of the historical record of rainfall (circles) gives
considerable information on what might be expected in terms of the variability, and thus
a pathway to plan to accommeodate the droughts and floods that are sure to come since
they’ve happened in the past.

FIGURE 2.2 SE USA Mar-Jul Precipitation
7-year running average
34 CMIPS RCP4.S Models W
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A similar exercise was done for the Midwest region (100W.85W, 37.5N-45N) since it is
in the news in Figure 2.3 below. The character of the observed precipitation shows a
clear rise in total amount through the vears. However, the same comments regarding the
model results for the Southeast apply for the Midwest too as the models indicate an
average trend (1980-2100) of a tiny +0.9 inches/century but which really comes down fo
a shift around 2020 with steady values thereon. The natural range for this région from
history varies wildly from 8.7 to 26.7 inches from one growing season to the next. Once
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again, policies which deal with the large year-to-year variations which cause the most
problems for the economy would address a real threat that will continue to ocour
regardless of the human effects on climate change. The model output provides no
information for substantive policy (see also Stepbens et al. 2010 whose title is self
explanatory, “The dreary state of precipitation in global models.”)

FIGURE 2.3 Midwest USA Mar-jul Precipitation
35 7-year running average -
34 CMIPS RCP4A.S Models
30

o X
e &

o

¥

1860 1880 1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

3, NEW INFORMATION ON SURFACE TEMPERATURE PROCESSES

In general, the issue of global warming is dominated by considering the near-surface air
temperature (Tsfe) as if it were a standard by which one might measure the climate
impact of the exira warming due fo increases in greenhouse gases. Fundamentally, the
proper variable to measure is heat content, or the amount of heat energy (measured in
joules} in the climate system, mainly in the occans and atmosphere. Thus the basic
measurement for detecting greenhouse warming is how many more joules of energy are
accumulating in the climate system over that which would have occurred naturally. This
is a truly “wicked” problem (see House Testimony, Dr. Judith Curry, 17 Nov 2010)
because we do not know how much accumulation can occur naturally.

Unfortunately, discussions about global warming focus on Tsfc even though it is affected

by many more processes than the accumulation of heat in the climate system. Much has
been documented on the problems, and is largely focused on changes in the local
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environment, i.e. buildings, asphalt, etc. This means that using Tsfc, as measured today,
as a proxy for heat content (the real greenbouse variable) can lead to an overstatement of
greenhouse warming if the two are assumed to be too closely related.

A new paper by my UAHuntsville colleague Dr, Richard MeNider (McNider et al. 2012)
looked at reasons for the fact daytime high temperatures (TMax) are really not warming
much while nightiime low temperatures (TMin) show significant warming. This has
been known for some time and found in several locations around the world (c.g.
California ~ Christy et al. 2006, East Africa — Christy et al. 2009, Uganda — just released
data). Without going into much detail, the bottom line of the study is that as humans
disturb the surface {cities, farming, deforestation, etc.) this disrupts the normal formation
of the shallow, surface layer of cooler air during the night when TMin is measured. Ina
complicated process, due to these local changes, there is greater mixing of the naturally
warmer air above down to the shallow nighttime cool layer. This makes TMin warmer,
giving the appearance of warmer nights over time. The subtle consequence of this
phenomenon is that TMin teroperatures will show warming, but this warming is from a
turbulent process which redistributes heat near the surface not to the accumulation of
heat related to greenhouse warming of the deep atmosphere. The importance of this is
that many of the positive feedbacks that amplify the CO2 effect in climate models depend
on warming of the deep atmosphere not the shallow nighttine layer.

During the day, the sun generally heats up the surface, and so air is mixed through a deep
layer, Thus, the daily high temperature (TMax) is a better proxy of the heat content of
the deep atmosphere since that air is being mixed more thoroughly down to where the
thermometer station is.  The relative lack of warming in TMax is an indication that the
rate of warming due to the greenbouse effect is smaller than models project (Section 2).

The problem with the popular surface temperature datasets is they use the average of the
daytime high and nighttime low as their measurement (Le. (TMax+TMiny2). But if
TMin is not representative of the greenhouse effect, then the use of TMin with TMax will
be a misleading indicator of the greenbouse effect. TMax should be viewed as a wmore
reliable proxy for the heat content of the atmosphere and thus a better indicator of the
enhanced greenhouse effect. This exposes a double problem with models. First of all,
they overwarm their surface compared with the popular surface datasets (the non-circle
symbols in Fig, 2.1). Secondly, the popular surface datasets are likely warming too much
to begin with. This is why I include the global satellite datasets of temperature which are
not affected by these surface problems and more directly represent the heat contént of the
atmosphere (see Christy et al, 2010, Klotzbach et al. 2010).
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Fall et al. 2011 found evidence for spurious surface temperature warming in certain US
stations which were selected by NOAA for their assumed high quality. Fall et al,
categorized stations by an official system based on Leroy 1999 that attempted to
determine the impact of encroaching civilization on the thermometer stations, The resolt
was not completely clear-cut as Fall et al. showed that disturbance of the surface around a
station was not a big problem, but it was a problem. A new manuscript by Muller et al.
2012, using the old categorizations of Fall et al,, found roughly the same thing. Now,
however, Leroy 2010 has revised the categorization technigue to include more details of
changes near the stations. This new categorization was applied to the US stations of Fall
et al., and the results, led by Anthony Watis, are much clearer now. Muller et al 2012
did not use the new categorizations. Watts et al. demonstrate that when humans alter the
immediate landscape around the thermometer stations, there is a cleat warming signal
due simply to those alterations, especially at night.  An even more worrisome result is
that the adjustment procedure for one of the popular surface temperature datasets actually
increases the temperature of the rural {i.e. best) stations to match and even exceed the
more urbanized (i.e. poor) stations. This is a case where it appears the adjustment
process took the spurious warming of the poorer stations and spread it throughout the
entire set of stations and even magnified it. This is ongoing research and bears watching
as other factors as still under investigation, such as changes in the time-of-day readings
were taken, but at this point it helps explain why the surface measurements appear to be
warming more than the deep atmosphere (where the greenhouse effect should appear.)

4. CONSENSUS SCIENCE

The term “consensus science” will often be appealed to regarding arguments about
climate change to bolster an assertion. This is a form of “argument from authority.”
Consensus, however, is a political notion, nof a scientific notion. As [ testified to the
Inter-Academy Council in June 2010, wrote in Notwre that same year (Christy 2010), and
documented in my written House Testimony last year {House Space, Science and
Technology, 31 Mar 2011} the IPCC and other similar Assessments do not represent for
me a consensus of much more than the consensus of those selected to agree with a
particular consensus. The content of these climate reports i actually under the control of
a relatively small number of individuals - 1 often refer to them as the “climate
establishment” — who through the years, in my opinion, came to act as gatekeepers of
scientific opinion and information, rather than drokers. The voices of those of us who
object to various statements and emphases in these assessments are by-in-large dismissed
rather than acknowledged. This establishment includes the same individuals who become
the “experts” called on to promote IPCC claims in trickle-down fashion to government
reports such as the endangerment finding by the Environmental Protection Agency. As
outlined in my House Testimony, these “experts” become the authors and evaluators. of
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their own research relative to research which challenges their work. But with the huxury
of having the “last word” as “expert” authers of the reports, alternative views vanish.

P've often stated that climate science is a “murky” science. We do not have laboratory
methods of testing our hypotheses as many other sciences do. As a result what passes for
science includes, opinion, argumenis from authority, dramatic press releases, and fuzzy
notions of consensus generated by a preselected group. This is not science.

I noticed the House passed an amendment last vear fo de-fund the UNs
Intergovernmental Panel on Climate Change (IPCC.) We know from Climategate emails
and many other sources of information that the IPCC has had problems with those who
take different positions on climate change than what the IPCC promotes. There is another
way to deal with this however. Since the IPCC activity is funded by US taxpayers, then I
propose that five to ten percent of the funds be allocated to a group of well-credentialed
scientists to produce an assessment that expresses legitimate, alternative hypotheses that
have been (in their view) marginalized, misrepresented or ignored n previous IPCC
reports {and thus EPA and National Climate Assessments). Such activities are ofien
called “Red Team” reports and are widely used in government and industry. Decisions
regarding funding for “Red Teams” should not be placed in the hands of the current
“establishment” but in panels populated by credentialed scientists who have experience in
examining these issues. Some efforts along this line have arisen from the private sector
(i.e. The Non-governmental [Imternational Ponel on  Chmate Change at
http:/nipecreport.org/ and Michaels (2012) ADDENDUM:Global Climate Change
Impacts in the United States). 1 believe policymakers, with the public’s purse, should
actively support the assembling all of the information that is vital to addressing this
murky and wicked science, since the public will ultimately pay the cost of any legislation
alleged to deal with climate.

Topics to be addressed in this “Red Team” assessment, for example, would include (a)
evidence for a low climate sensitivity to increasing greenhouse gases, (b) the role and
importance of natural, unforced variability, (¢} a rigorous and independent evaluation of
climate model output, (d) a thorough discussion of uncertainty, (e} a focus on metrics that
most directly relate to the rate of accumulation of heat in the climate system (which, for
example, the problematic surface temperature record does not represent well), (f) analysis
of the many consequences, including benefits, that result from CO2 increases, and (g) the
importance that affordable and accessible energy has to human health and welfare. What
this proposal sceks to accomplish is to provide to the congress and other policymakers a
parallel, scientifically-based assessment regarding the state of climate science which
addresses issues which here-to-for have been un- or under-represented by previous tax-
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paver funded, government-directed climate reports. In other words, our policymakers
need to see the entire range of scientific findings regarding climate change.

5 IMPACT OF EMISSION CONTROL MEASURES

The evidence above suggests that climate models overestimate the response of
temperature to greenhouse gas increases. Also shown was a lack of evidence to blame
humans for an increase in extreme events. One cannot convict CO2 of causing any of
these events, because they've happened in the past before CO2 levels rose. Even so,
using these climate model simulations we can calculate that the theoretical impact of
legislative actions being considered on the global temperature is essentially imperceptible
{Christy JR, House Ways and Means Testimony, 25 Feb 2009). In such calculations we
simply run the model with and without the proposed changes in greenhouse gases to see
the difference in the models’ climates. The result is that actions will not produce a
measurable climate effect that can be attributable or predictable with any level of
confidence, especially at the regional level,

When 1 testified before the Energy and Commerce Oversight and Investigations
subcommittee in 2006 I provided information on an imaginary world in which 1,000 1.4
gW nuclear power plants would be built and operated by 2020, This, of course, will not
bappen. Even so, this Herculean effort would result in at most a 10 percent reduction in
global CO2 emissions, and thus exert a tiny impact on whatever the climate is going to
do. The results today are still the same. Indeed, with the most recent estimates of low
climate sensitivity, the impact of these emizsion-control measures will be even tinier
since the climate system dossn’t seem to be very sensitive to CO2 emissions. The recent
switch to natural gas represents a partial move fo decarbonize our energy production
since methane has four hydrogen atoms for every one carbon atom, Thus, there are now
even less U.S, COZ emissions to legislate away.

The Energy Information Administration lists 190 countries by CO2 emissions and Gross
Domestic Product. This can be used to answer the question, how much in terms of goods
and services does a country generate per ton of CO2 emissions? In terms of efficiency,
the U.S. is ranked 81" near Australia (91%) and Canada (78") two other geographically-
large and well-advanced countries with considerable natural resources. China is 186" but
France is 9 due to the fact over 80 percent of its electricity comes from nuclear power
rather than carbon. A different way to look at this is to realize the U.S. produces 29
percent of the world’s goods and emits only 18 percent of the world’s CO2 emissions
{E1A 2009 values.) In other words, the U.S. rasks rather well considering the energy
intensive industries of farming, manufacturing, mining, metals processing, etc. that are
performed here, the goods of which are sold to the world. So, we produce quite a bit
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relative to our emissions — the kind of producis and services that the world wants to buy.
With the recent shift to more natural gas, the U.S. efficiency continues to rise. I suppose
if one wanted to reduce U.S. emissions, one could legislate what the world should and
should not buy. This, of course, is not a serious idea.

When thinking about policy regarding CO2, one cannot ignore the Immense benefits
produced directly by CO2 or indirectly from in its relationship to low-cost energy. Hisa
simple fact that CO2 is plant food and the world around us evolved when levels of CO2
were five to ten times what they are today., Owr green world is a consequence of
atmospheric CO2. And, food for plants means food for people. The extra COZ we are
putting into the atmosphere not only invigorates the biosphere, but also enhances the
vields of our food crops. This is a tremendous benefit to nature and us in my view.

A ristng COZ concentration is also an indicator of human progress in health, welfare and
security provided by affordable carbon-based energy. As someone who has lived in a
developing country, 1 can assure the committee that without energy, life is brutal and
short. At present, hundreds of millions of people are dependent on low-grade biomass
{(tree branches, dung, etc.) for energy. These sources place a huge burden, Iiterally, on
people to find, cut and carry the material where needed. Landscapes are deforested and
waterways contaminated by these activities. And fragically, the UN. estimates about 2
million children die each year due to diseases fostered by the toxic fumes produced when
burning wood and dung in the homes, Higher density sources of fuel such as coal and
natural gas utilized in centrally-produced power stations actually improve the
environmental footprint of the poorest nations while at the same time lifting people from
the scourge of poverty.

Coal use, which generates a major portion of CO2 emissions, will continue to rise as
indicated by the Energy Information Administration’s chart below. Developing countries
in Asia already burn more than twice the coal that North America does, and that
discrepancy will continue to expand.  The fact our legislative actions will be
inconsequential in the grand scheme of things can be seen by noting that these actions
attempt to bend the blue curve for North American down a little, and that's all. So,
downward adjustments to North American coal use will have virtually no effect on global
CO2 emissions (or the climate), no matter how sensitive one thinks the climate system
might be to the extra CO2 we are putting back into the atmosphere.
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Thus, if the country deems it necessary to de-carbonize civilization’s main épergy
sources, then compelling reasons beyond human-induced climate change need 1o be
offered that must address, for example, ways to help poor countries develop affordable
energy. Climate change alone is a weak leg on which to stand to justify & centrally-
planned, massive change in energy production, infrastructure snd cost.

Thank vou for this opportunity to offer my views on climate change.

References

Andreadis, K.M. and D.P. Lettenmaier, 2006; Trends in 20" century drought over the continental United
States. Geophys. Res. Lert, 33, 110403, doi:10.1029/2006GLO25T11.

Christy, LR, 2012: Searching for informuation in 133 years of California snow{all observations. J. Hydro,
Met, DOLIO TTS/THM-D-11-040.1.

Christy, J.R., B. Herman, R, Pielke, Sr,, P, Klotzbach, R.T. McNider, 1), Hnilo, RW. Spencer, T. Chase
and D. Douglass, 2010: What do observational datasets say about modeled tropospheric
temperature trends since 19797 Remote Sens, 2, 21382169, Doi:10.3390/rs2092148,

Christy, LR, and 1LJ. Hailo, 2010: Changes in snowfail in the southern Sierra Nevada of California since
1916. Energy & Env,, 21, 223-234,

Chyisty, LR, 2010: Open Debate: Wikipedia Style, The IPCC, Cherish it, Tweak #, or Scrap it. Nawre,
463, 730-732

Christy, LR., W.B. Norris and R T. McNider, 2009:. Surface temperature variations in East Africa and
possible causes. J Clim. 22, DOL 101 1752008ICLI2T726.1.

Christy, LR., W.B. Nomis, K. Redmond and K. Gallo, 2006: . Methodology and results of calculating
central California surface temperature treénds: - Bvidence of human-induced climate change? 7
Climate, 19, 548-563.

Compo, G.P. et al, 2011, Review Articler The Twentieth anmw Reanalysis Project. . J B Meteorol.
Soc., 137, 1-28.

Fall, 8., A, Waus, 1. Nielsen-Gammon, E. Jones, D. Nivogi, LR, Christy, and R.A. Pielke Sr, 2011
Analysis of the impacts of station exposure on the US, Historical Climatology Network
temperatures and  temperature  trends, L Geophys.  BRes, 116, DM4120,
doi:10.1029/20101D015146.

Environment and Public Works 21 John R. Christy, 1 August 2012



130

Klotzbach, P.J, R.A Plelke, Sr, RAPiclke, Jr, LR, Christy, R.T. MeNider. Corvection to “Ap alternative
explanation for differential temperature trends at the surface and in the lower troposphere.” J.
Geophys. Res, 2610, Doi:10. 102920095001 3635,

Leroy, M., 1999 Classification d'un site, Note Tech. 35, 12 pp. Dir. Des Syst. D'Obs., Meteo-France,
Trappes, France.

Leroy, M. 2010 Siting Classification for Surface Observing Stations on Land, Climate, and Upper-air
Observations JMA/WMO Workshop on Quality Management in Surfuce, Tokyo, Japan 27-30 July
2010

Lindstrom, Susan G. 1990, Submerged Tree Stinps as Indicators of Mid-Holocene Aridity in the Lake
Tahoe Region. Journal of California and Great Busin Anthropofogy. 1202y 146-157,

MeNider, R.T., G.J. Steeneveld, A A M. Holtslag, R.A Pielke Sr., 8. Mackare, A, Pour-Biazar; I Walters,
U, Nair and LR, Christy, 2012, Response and sensitivity of the nocturnal boundary layer vver land
to added longwave radiative forcing. J. Geophys. Res. In press.

Meehl, G.A., C. Tebaldi, G. Walton, D. Basterling, and L. MeDaniel, 2009: The relative increase of record
high maximurm temperatures compared to record low minimum temperatures in the U.8. Geophys.
Res. Lett.

Michaels, P., Editor, 2012: ADDENDUM: Global Climate Change fropacts in the United States, CATO
Institute. 213 pp.

Muhs, ILR., 19851 Age and paleoctimatic signi ¢ of Holocene sand dunes in Northeastern Colorado.
Annals Assoc. Amer. Geographers. 75, 566-5R82.

Muhs, DR and V.T. Holliday, 1995; Evidence of active dune sand on the Great Plaing in the ot contury
from accounts of early explorers. Quaternary Res., 43, 198-208,

Muller, R.A,, I Wurtele, R. Rohde, R. Jackobsen, S, Permutter, A, Rosenfeld; 1 Curry, D0 Groom and €.
Wickham, 2012: Earth atmospheric Jand surface fomperature and station guality in the continuous
United States. J. Geophys. Res:, submitied, :

Pigchota, T., J. Timil , G. Tottle and H, Hidalge, 2004: The western U8, drought, How bad is #?
EOS Transactions, AGU, 85, 301-308.

Scluneisser, R.L., 2009 Reconstruction of palesclimate conditions and times of the last dune reactivation
in the Nebraska Sand Hills. Usiversity of Nebraska - Lincoln; Paper AAI3352250,

Stephens, G. et al. 201¢: The dreary state of precipitation in global models. J Geophys. Res., 115,
doi:101029/1010JD014532,

Environment and Public Works 22 John R. Christy, | August 2012



131

Senator BOXER. Thank you so much, Dr. Christy.

Now we are going to turn to our last witness on this first panel,
Dr. James McCarthy, Alexander Agassiz Professor of Biological
Oceanography, Museum of Comparative Zoology, Harvard.

And we will expand your repertoire when we get to the written
record.

STATEMENT OF JAMES J. MCCARTHY, PH.D., ALEXANDER AG-
ASSIZ PROFESSOR OF BIOLOGICAL OCEANOGRAPHY, MU-
SEUM OF COMPARATIVE ZOOLOGY, HARVARD UNIVERSITY

Mr. McCARTHY. Thank you, Chairman Boxer, Ranking Member
Inhofe, and members of the Committee for your attention to the
important matter of climate change.

I wish today to talk about new evidence that we see in the ocean
for climate change and evidence of the ocean’s response to the
changing conditions in the atmosphere as we are increasing the in-
sulation of the atmosphere with the addition of greenhouse gases.

The first figure that we will show on the easel is a checklist. It
is a checklist that you might have imagined assembling in the
1960s when people were first saying, well, if greenhouse gases con-
tinue to increase, what would you expect to be the indicators in cli-
mate. This was published in 2009, a joint effort of NOAA and the
American Meteorological Society.

If you could read those indicators, this is a figure that is con-
tained in my written testimony, it is Figure 1 in the testimony as
well; you would see that every indicator that you would expect to
change, and the direction it would change the Earth through
warming with the addition greenhouse gases is, in fact, what we
have observed.

Now, one of the interesting aspects of this that I wish to spend
a bit of time on today is how the deep ocean has changed. The
oceans are vast. The Pacific Ocean alone covers over 40 percent of
the planet. The average depth is about 2 miles. And so, as we hear
a lot of talk about variation on land and the measurement of land
temperature, the ocean is sampled in a different way. It has his-
torically been sampled by ships, by oceanographic vessels, but also
by other ships that have done routine measurements of ocean tem-
perature and sometimes ocean temperature at depth as well.

So, what was implemented in the early 2000s was a major new
effort to understand how the ocean heat content is changing at
great depth. If we could put up the second slide. This is also from
my written testimony; it is Figure 2 in the written testimony.

What we now know from this array of about 3,500 buoys that are
moving around the oceans at all times covering all areas of the
ocean, areas that are not typically well sampled, is that most of the
heat that has been put into our Earth climate system as a result
of greenhouse gases is actually in the ocean.

More importantly, these new sensing systems allow for precise
detection of how this is changing over time. And so what we see
is that the change over time in the deep ocean heat content—and
this is a graphic that I have in my written testimony—has in-
creased steadily over time, and we now know it with increasing
precision because of these buoys that are moving about the world’s
oceans and constantly monitoring the deep ocean heat content.
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When I began my career in ocean science, most ocean scientists
could not have imagined that the deep ocean—which we knew in
many areas had been at constant temperature for decades and even
a }(;entury—would change in our lifetimes. We now see it is every-
where.

Now, this has implications for sea level rise. It also tells us, as
we see this steady trend of increase in the ocean, deep ocean heat
content, that the noise and the signature on land, and statements
such as, well, it really hasn’t warmed much in the last 10 years,
you can see that the ocean has warmed steadily over the last 10
years. So, whereas on land there are questions about where the ob-
servations are and local variation, these get smoothed out in the
ocean.

Now, I would like to turn to another subtle part of how this all
plays in. As the deep ocean warms, of course the ocean continues
to expand. As the mercury warming in the thermometer rises, the
ocean warms; it will rise.

If you look at the estimations of how sea level would rise over
time, estimations that would have been made a decade or two ago,
we did not have a really good understanding of how the deep ocean
was responding. We do now. So estimates of sea level rise and pro-
jections of sea level rise are going to be much more precise in the
future.

Another term in sea level rise is the loss of ice from glaciers in
the Arctic and the Antarctic. Again, with satellite measurements to
inventory the amount of ice in Greenland and Antarctica, we can
now see very precisely how it is changing. So this, in addition,
gives us increased confidence and understanding. You cannot
project something, you cannot predict a trend, unless you know
what is causing it. But with these new measurements now, in the
ocean and with ice, we understand much more than we did a dec-
ade ago about sea level rise.

We also note changes in Arctic sea ice are affecting climate. Be-
lieve it or not, if you lose ice in the Arctic, you can bring more cold
air down into the center of the United States. Papers published on
this in the last couple of years have shown the role of large undula-
tions in the jet stream. You have less ice in the Arctic, you lose the
insulation. So the ocean, the warm ocean, the moist ocean, loses
heat and loses moisture to the atmosphere. If that moves south to
where we are, we can actually get not only more snow but more
cold weather.

I would like to conclude then with a slide on sea level rise. So
40 percent of the world’s population lives about 60 miles from the
coast. And we know that the rate of sea level rise is increasing. We
know that it is increasing now at a rate of about three times what
it did a century ago. And we know that the projections made only
a decade ago, very cautious projections because we did not under-
stand what was happening on Greenland the way we do now, or
the Antarctic, are going to lead to higher projections of sea level
rise going forward.

So, I would like to just conclude by pointing out that we see that
it is variable. The red area indicates where sea level rising is occur-
ring at the highest levels. And the reasons for this have to do with
ocean circulation.
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Senator BOXER. If you could wrap it up.

Mr. McCARTHY. I would just like to conclude by saying that there
is no debate that the Earth’s temperature is increasing. Over the
last half-century, the atmosphere, land surface, ocean surface, and
deep ocean and ice loss in polar regions have all confirmed this.
And they can only be explained by the increase in greenhouse
gases. There is no scientific evidence that refutes this conclusion.

Thank you.

[The prepared statement of Mr. McCarthy follows:]
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Chairman Boxer, Ranking Member Inhofe, and Members of the Committee, thank
you for this opportunity to provide an update on the role of the oceans in climate
extremes and rising sea level. Ocean processes are linked to many of the extreme
weather events on land. Recent observed changes in the ocean, many of which only
a few decades ago were thought unimaginable in our lifetimes are now occurring as

result of human-caused climate change.

My hope today is to show clearly what some recent studies of the ocean are now
telling us about how climate is changing and contributing to the growing intensity of

extreme weather events on land.

I am the Alexander Agassiz Professor of Biological Oceanography, at Harvard
University, where I teach courses on ocean and climate science. For the past four
decades my research has delved into many aspects of climate science. I have been
also involved in the planning and implementation of several climate science
research programs and assessments of climate science. From 1997 to 2001, I was
the leader of Working Group il of the Intergovernmental Panel on Climate Change
{IPCC), which had responsibilities for assessing impacts of and vulnerabilities to
global climate change in the Third IPCC Assessment. [ was also an author on the

2005 Arctic Climate Impact Assessment, the 2007 Northeast Climate Impact
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Assessment, and the 2009 U.S. government report on Global Climate Change Impacts
in the United States. 1am Past-President of the American Association for the
Advancement of Science, and currently the Chair of the Board of the Union of

Concerned Scientists.

My own research has taken me to all the oceans - the high North Atlantic, the South
Atlantic near Antarctica, the Artic, the Indian, the upwelling regions off the coasts of
North and South America, the equatorial region in the central Pacific, the Sargasso

Sea, the Caribbean Sea, as well as several coastal and estuarine systems.

1. How We know that Earth is Warming Globally

Half a century ago many distinguished scientists pointed to new data that
demonstrated changes in the carbon dioxide concentration of the atmosphere, and
argued that if this trend continued over time it would have a global effect on Earth’s
climate. One can imagine the check-list that would have been developed at the time
- what you would want to be watching for to test the warming hypothesis - and the

list would have looked something like the indictors in Fig. 1.

Consistent Trends in All these Indicators Over the Last
Several Dacades Provide Robust Evidence
that Earth is Warming

NOAA/BAMS 2009
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Many of these indicators could not, however, be measured well enough to discern
trends before the 1980s, which is when Earth sensing satellites were first deployed.
With variation from year to year, in Arctic sea ice, for example, it took time to know
with confidence whether change was actually occurring. And initially some of the
satellite data seemed to contradict land surface measurements, in surface
temperature, for example. But with experience the new methods became reliable.
For some indicators, such as sea level rise, satellite systems improved substantially

the accuracy of the data,

Today there is widespread agreement among specialists who devote their careers to
perfecting and deploying the myriad systems that monitor the state of these
indicators that trends for all of them point as would be expected if the Earth is

warming. This clear global signal becomes stronger with every passing year.,

1I. Observed Changes in Ocean Temperature

As an oceanographer,  have a particular interest in one of the last pieces of evidence
to fall in place among these indicators - the heat content of the ocean. In the early
1980s land surface data were beginning to indicate unusual warming, but a trend in
warming or cooling of even the surface ocean would be much harder to detect - vast

areas of the ocean were not regularly sampled.

And, just how much change in the ocean would a scientist expect to see over the
course of a career in ocean science? Until a few decades ago, the guess would have
been - not very much. The oceans have an average depth of more than 12,000 feet.
It takes about a thousand years for ocean currents to fully mix the oceans, and most
of the deep ocean is influenced only very slowly by what happens at the surface or
in the atmosphere. But more significantly, we had decades, and in some cases more

than a century, of data indicating relative constancy in deep ocean conditions.

The oceans are an integral part of Earth’s climate system and function as a grand

flywheel. Their enormous mass and the high specific heat of water provide a
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steadying characteristic that helps to dampen rates of climate change. In a running
engine, a spinning flywheel helps the engine running run steadily, as individual
cylinders fire in sequence. If the engine stops running the inertia of the flywheel will
keep it rotating albeit more slowly as energy is lost to friction. Similarly, the ocean
helps to keep climate within bounds by absorbing and releasing heat slowly, and the
range of these bounds guides us, as it did our ancestors, as we make decisions as to
where to plant our important crops, were to develop our cities, where and how to
position our key infrastructures, etc. Ocean conditions far from land influence
swings within these bounds. It’s obvious that oceans influence climate in coastal
regions, but changes in surface temperature in the central Pacific Ocean are linked

to weather patterns thousands of miles away in the Great Plains of the United States.

We now know that the ocean is changing more rapidly than was imagined likely just
a few decades ago. The additional heat in the climate system caused by the
greenhouse gases that we release with our burning of fossil fuels and land use

practices is now penetrating deep within the oceans.

This means that the flywheel that has helped to keep climate extremes within
bounds, bounds that we have assumed would remain steady, is now is behaving
differently, If these changes continue unabated we put at risk what many of us as
individuals and societies hold dear - our investments in properties, commaodities,

and services.

With the findings of Levitus et al. (2000) and others who have confirmed these
results, it is now clear that the ocean has absorbed more than 90% of the heat
trapped over the past century by greenhouse gasses that have accumulated in

Earth’s atmosphere due to human activity (Fig. 2)
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Fig. 2
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Confidence in these findings has been greatly strengthened with data from
instrumented ocean buoys, known as Argo floats, that drift about the oceans at 3000
feet and every ten days descend to 6000 feet (Fig. 3). They then come to the surface
and report via satellite their location, their trajectory over the prior nine days, and

data for ocean temperature and salt content all along the way.

Fig. 3
Argo Drifting Floats Monitor Changes in
The Oceans’ Heat Content — Initiated in the 2000s
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Fig. 4

More than 3500 Drifting Argo Floats in Regular Operation
Profiling Ocean Temperature & Salinity to 2000 meters every 10 Days
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This program ramped up rapidly during the 2000s, with about two-dozen nations
sharing in the costs (Fig. 4). Now there are about 3500 of these floats providing

data for large areas of the ocean that are rarely transited by ships. These new data
have greatly improved precision in measurements of the oceans’ heat content, and

as can be seen in Fig. 5, the oceans have warmed steadily over recent decades.

. Fig. 5
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Ill. Atmosphere - Ocean Climate Cycles

There are many natural climate cycles. The Pacific Decadal Oscillation, the North
Atlantic Oscillation, the Arctic Oscillation, the Atlantic Multidecadal Oscillation, etc,,
but because of their long periods we have had little opportunity to see some of these

cycles repeat in the modern era of ocean science.

One, very strong and well-studied climate cycle, is the El Nifio Southern Oscillation,
or more commonly, simply, El Nifio. Every few years (nominally 2 - 7) the trade
winds that blow from east to west across the tropical Pacific Ocean relax. When this
occurs the warm water that has piled up in the western Pacific flows east and
elevates surface temperatures all along the Equator and along adjacent coasts of
South and Central America, creating the condition known as El Nifio (Fig. 6). The
lens of warm water also elevates local sea-level, and during an El Nifio this effect can

be seen as far north as the coast of California.

Fig. 6

Cool Ocean Water
in the East and
Warm in the West

With Associated Shifts In Climate Across The Globe
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Relax, and Warm
Water Flows East

When the cycle tips from El Nifio back to the neutral phase, it can overshoot and

create a brief exceptionally cool period, and this phase is called “La Nifia”,
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During the strong El Nifio in 1982 unusual patterns in precipitation across the
American continents, Africa, southern Asia, and Australia sparked new efforts to
understand the relationship between this cycle in Pacific Ocean climate and weather
patterns across the globe. NOAA helped to put in place a suite of ocean surface
buoys across the Pacific to detect early stages of El Nifio and to provide warnings of
likely effects on weather all around the tropical and temperate latitudes. Atthe
time, the 1982 El Nifio was referred to as the “El Nifio of the century”, but then in
1998 there was an even stronger El Nifio. The ocean buoy observing system
allowed forecasts well in advance of this El Nifio, and in some areas the adoption of

adaptive measures were highly successful.

Over the last three decades these new networks of sensing systems {deployed and
maintained by NOAA in the United States), have provided the opportunity to study
carefully the phases of the ENSO cycle. Fig. 6 shows the general pattern of weather
that develops across the United States during an El Nifto. There are also well-
established patterns associated with La Nifia. For example on September 8, 2011,

NOAA’s Climate Prediction Center issued the following forecast:

La Nifia, which contributed to extreme weather around the globe during the
first half of 2011, has re-emerged in the tropical Pacific Ocean and is forecast
to gradually strengthen and continue into winter.... La Nifia winters often see
drier than normal conditions across the southern tier of the United States
and wetter than normal conditions in the Pacific Northwest and Ohio
Valley...."This means drought is likely to continue in the drought-stricken
states of Texas, Oklahoma and New Mexico,” said Mike Halpert, deputy
director of the Climate Prediction Center. La Nifia also often brings colder
winters to the Pacific Northwest and the northern Plains, and warmer

temperatures to the southern states.

As Earth’s average surface temperature continues to rise, an obvious question is

how the El Nifio Southern Oscillation will behave. Will El Nifio’s become more likely,
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more intense, or more persistent if the background temperature during the neutral
phase increases? There is no clear answer from model simulations and this remains
an active area of research. The 1982 and 1998 El Nifio’s were both exceptionally
strong, and it was surprising to see the second one appear so soon after the first.

But recent proxy data now reveal that there was a strong El Nifio in the late 1880s.

On balance the El Nifio has a much broader influence than the La Nifia on global
climate, and even if El Nifios continue with the same frequency and intensity their
effects will become more damaging as they occur in a climate that is warmed by

increasing concentrations of greenhouse gases.

The concurrence of three independent analyses of global surface temperature data
since 1840 is shown in Fig. 7. There is notable interannual variability, and this has
led some people to question the upward trend in recent years or to even suggest
that warming has abated. Close scrutiny suggests otherwise when the role of the El

Nifio is taken into consideration.

Global Average Surface Temperature Fig. 7

fice Eﬁad‘!ey Centre ahd Climatic Seséamh Unit
e NOAA Nafional Climatic Data Center o
s NASA Goddard Institute for Space Studies

Surface Temperature Anomaly (°C)
(Relative to the average for 1960 - 1989)

1850 1900 1850 2000
Year

WMO #1085



143

Fig. 8 is an abbreviated version of a World Meteorological Organization (WMO)
figure that shows the ranking of the 50 warmest years for Earth’s surface
temperature since 1840. Either a single (2000s; 1990s) decade or pairs of decades
(1970s + 1980s; 1950s + 1960s; 1930s + 1940s) are binned and assigned a color.
Note that two colors are not in the legend: the singular deep red for 2011 (the 11t
warmest year) and the three darkest blue for 1877, 1878, and 1880.

Fig. 8
Ranking the 50 Warmest of the last 150 Years ®
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An * symbol marks El Nifio years, and as expected the warmest years for each of the
colors are typically El Nifio years. There are just two El Nifio years {1973 and 1977)

that do not rise to the head of their decadal cohort.
Another natural phenomenon that can influence global climate is significant
volcanic eruption. The last major volcano to be large enough to affect global climate

significantly was Mt. Pinatubo in the Philippines during June 1991. Satellite systems

10
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allowed for the estimation of tiny particles - aerosols - released to the upper
atmosphere by this eruption, and climate modelers at that time predicted that the
following few years would be cooled by the aerosol reflection of solar energy. Note
in Fig. 8 that 1992 was the coolest in its decadal bin, 1993 was the second coolest,
1994 was the third coolest. The prior large volcanic eruption was El Chicon in
Mexico in 1982. Since 1982 was a major El Nifio year, this one is a little more
complicated, but the same pattern of response to an aeroso! injection plays out in
the years following the eruption of El Chicon. Looking ahead, we can’t predict

volcanic eruptions, but some will surely occur.

Another natural source of variability is in the luminosity of the sun. An eleven-year
cycle in sunspot activity was first documented in the mid 1800s, but it wasn’t until
satellites began orbiting Earth in 1980 that the actual variation in solar activity over

a sunspot cycle could be measured precisely.

The Sun’s energy recently reached a minimum in the eleven-year cycle, so over the

next few years Earth will receive more intense solar irradiance. In fact:

"This week researchers announced that a storm is coming--the@most intense
solar maximum in fifty years. The prediction comes from a team led by
Mausumi Dikpati Zof the National Center for Atmospheric Research {NCAR].
"The next sunspot cycle will be 309% to 50% Bstronger than the previous
one," she says. If correct, the years ahead could produce a burst of solar
activityBsecond only to the historic Solar Max of 1958."

(http: auroraborealispage.net/solarmax.html: 23 July 2012)

Interestingly, 1958, also an El Nifio year, was the warmest year between 1950 and

1970 (Fig. 8).

Thus, over the past three decades, the known drivers of climate variation can now

be measured directly and put into common units of energy. Many climate research

11
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groups have done this, and a good example is the work of Judith Lean (a solar
physicist at the Naval Research Laboratory) and David Rind {a climate modeler at
NASS). When greenhouse gases, aerosols, (including volcanic), solar variability and
El Nifio events are assembled over time to forecast Earth’s surface temperature a
remarkably realistic simulation emerges (Fig. 9). This is not curve fitting. Itis
rather a test to see if there are any significant missing components and a way of

assessing the relative contribution of each of the components.

Reconstructing Earth’s Climate 1980 — 2009 Fig.9
Using Observed Climate Forcing Functions
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There are many published examples of these sorts of analyses by climate modeling
groups in the US and abroad. The consistent conclusions are that most of the
observed warming over the past half century results from increasing greenhouse
gasses, that the variation from year to year is strongly influenced by El Nifio events
and volcanoes, and that solar variability is playing a relatively small role in climate

change.

12
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The final component, that of the human generated greenhouse gases that remain in
the atmosphere shows little or no evidence of cycles. Rather its trend is that of a

steady secular increase with small wiggles reflecting economic shifts and politics.

Thus, in the future, as in the past, global average temperatures will be unusually
warm during El Nifio years and during peak years for solar activity. In the future,
however, if greenhouse gases continue to increase, strong El Nifios will wreak even
more havoc as they break old records for warm and wet conditions across much of

the globe, because they will be occurring upon a higher baseline of warming.

The answer to the question of just how intense new extremes in heat and
precipitation will be, in part will be answered with the choices that we make about

our practices and policies that release greenhouse gases to the atmosphere.

V. Observed Changes in Arctic Climate

A. The Arctic Ocean

A dozen years ago the news that Arctic sea ice was thinning and that during late
summer there were large areas of open water in the central Arctic was surprising.
Models had long projected that the Arctic would warm faster than other regions as
atmospheric concentrations of greenhouse gases increased, but summer sea ice was
being lost faster than the models projected. Part of the explanation may lie with the
role of small soot particles from diesel combustion and fires that is blown north
from lower latitudes. Though tiny, these dark particles increase the rate of snow

and ice melt across the Arctic.

As is evident in Fig. 10, the summer extent of Arctic sea ice has declined since the
satellite measurements for sea ice began in 1979, and it has thinned even more
rapidly. Annually Arctic sea ice reaches its winter maximum in March and its
minimum in September. As can be seen in Fig. 11, recent data indicate that new

record lows for sea ice extent have been set during june and July 2012. The sea ice

13
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melt season began earlier this year, and the extent of open water now in the Kara
and Barents Seas {north of Norway and western Russia) would typically not be seen

until September-

Fig. 10
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Will someone who doesn’t live in the Arctic be affected if the Arctic continues to
warm and the area of sea ice continues to decrease during summer? New research
shows links between the summer loss of Arctic sea ice and unusual extreme weather
conditions across the temperate regions of North America and Eurasia {Overland et
al. 2010). Ice atop water acts an insulator. Without an ice cover the surface ocean
releases heat and water to the atmosphere. What most limits winter snowfall across
much of North America is not temperature in winter, but rather availability of water
vapor. It is often cold enough to snow but doesn’t. More open water in the Arctic

and in lakes increases the potential for snow across large continental regions.

New studies {Francis and Vavrus, in press) show how warming in the Arctic can also
influence the path of the upper atmospheric Jet Stream, creating higher amplitude
waves, and in effect slow the propagation of weather patterns across the central
North America. The result is that both warm periods and cold periods persist
longer, potentially creating weather extremes on both ends of the scale. The
authors suggest that this was in play during winter 2010-11, when record snow and
cold occurred across parts of the central and eastern US just as record high
temperatures were occurring across central Canada. During winter 2011-12 the La
Nifia also had a strong influence on the path of the Jet Stream - it was relatively flat

rather than undulating - thus keeping cold air masses further north than usual.

It is also now well established that these changing ice conditions in the Arctic are
affecting the exchanges of water between the Arctic Ocean and the north Atlantic
Ocean in unusual ways (Speilhagen et al. 2012), and with unknown implications for

future climate across regions bordering the North Atlantic.

B. Glacial ice melt

There was a lot of press coverage recently about an unusual Greenland melt event
(Fig. 12). Greenland is covered by the most substantial mass of glacial ice in the
northern hemisphere. It accounts for 10% of the surface fresh water on the planet.

This ice cap is a broad flat dome that rises to about 10,500 feet, and were it all to

15
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melt global sea level would rise 22 feet. About a decade ago satellite images began
to show that summer surface melting was occurring at increasing elevations and
blue melt pools were beginning to appear above 6000 feet. These pools eventually
drain through fissures in the ice, and probably speed the flow of glacial ice as it
move along the solid bedrock. It is not terribly surprising that something like the
recent July warm condition occurred. The white area of “no melting” in this image

doesn’t indicate just how much below freezing any of this area actually is.

Rapid Melt on Greenland Surface during July 2012 Fig. 12

Nodata Kefsnowfree  Probable melt et No melting NASA

According to NASA reports there is evidence in the ice core records of a strong
warming event over Greenland in the 1880s. Data in Fig. 8 for global temperature
show that the 1880s were unusually warm. As the Arctic continues to warm

summer melting snow and ice at all elevations on Greenland will become more

common.

This past July Greeniand was also in the news for the release of an iceberg roughly
twice the size of Manhattan from the Petermann Glacier in NW Greenland. Satellite
data now allow for very precise estimates of the mass of Greenland ice and changes

in its outlet glaciers, which drain ice from the ice cap to lower elevations. Fig. 13

16
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shows terminations of the major outlet glaciers, with black for those with land
terminations and green for those with marine terminations, also known as

tidewater glaciers.

o = o o o Fig. 13
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The greatest changes in Greenland glaciers over the past decades have been the
rapid retreats of tidewater glaciers like Petermann. While conditions at higher
elevation certainly affect glacial flow, the factor most likely responsible for the
retreat and shedding of large icebergs by Greenland’s tidewater glaciers is the
warming of waters surrounding Greenland and their melting influence on the snouts
of these glaciers. The string of red dots of varying sizes on Fig. 13 circumscribe the
edges of the high ice cap and indicate, from satellite data, the best estimates for
rates of glacial discharge {largost of the three sizes of red dot is 100 times faster
than the smallest red dot). Note that the weight of this mass of ice depresses the

center of Greenland below the sea level surrounding Greenland.
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V. Sea Level Rise

Sea level is influenced by several factors (Fig. 14). Globally the ocean’s heat content
and the amount of land ice are dominant factors. As the ocean warms, its volume
increases and sea level rises. A warming atmosphere and ocean cause land ice to
melt, and if this water reaches the ocean, it too contributes to sea level rise. Other
factors, such as coastal uplifting or subsidence of the land will strongly affect local
manifestations of sea level. Importantly, the rise of an ocean that is warming and
receiving more water from ice melt on land isn’t distributed uniformly across the

world’s oceans. I will return to this point shortly.

Contributing
Components to Local
and Global Sea Level
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The rate of sea level rise has increased in recent decades, and is today greater than
the conservative projections made by the IPCC one or two decades ago, and it is now

clear that changes in sea level are speeding up.
In 2001, the IPCC reported that “[wlithin present uncertainties, observations and

models are both consistent with a lack of significant acceleration of sea level rise

during the 20th century” (IPCC 2001). But it is now evident (Rahmstorf et al. 2007)
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that sea-level rise has accelerated since 1990 (Fig. 14).

The 2007 IPCC report projected 12 - 24 inches of sea-level rise by 2100. These
estimates did not preclude higher rates of rise due to increased rates of ice loss on
Greenland and Antarctica. Although the IPCC authors were aware of publications
relating to recent changes in Greenland and Antarctic ice, they lacked confidence
that they could extrapolate meaningfully from these data to future sea-level rise.
Rahmstorf (2007} used a semi-empirical relationship from 20th-century
temperature and sea-level changes to project future sea-level rise from the IPCC
scenarios for warming and derived an estimate of sea-level rise of about 2 - 4.5 feet
for 2100 relative to the 1990 level. Using current outlet glacier discharge rates for
Greenland to improve on the IPCC 2007 projections, Pfeffer et al. {2008) estimated a
sea level rise between 2.5 and 6.5 feet by 2100 (Fig. 13).

An average sea-level rise of even 2.5 feet during this century would be of enormous
consequence for lives, livelihoods, and property in coastal regions across the globe.
Major cities, large portions of nations, indeed entire island nations will be affected.
But for any specific locality future sea level will also be influenced by changes in
currents and winds, proximity to the mass of melting ice sheets, and on the vertical

movements of the land due to geological processes.

For example, a 2-foot rise in global sea level by the end of this century would result
in a relative sea-level rise of 2.3 feet at New York City, 2.9 feet at Hampton Roads,
Virginia, 3.5 feet at Galveston, Texas, and 1 foot at Neah Bay in Washington State
(Karl et al. 2009). The southeastern and eastern coasts of the US have already
experienced greater than average rates of increase over the last half-century (Fig.

15).
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Trends in Sea- Level Change (mm/yr) due to Fig. 15
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In the Gulf Coast area alone, an estimated 2,400 miles of major roadway and 246
miles of freight rail lines are at risk of permanent flooding within 50 to 100 years as
global warming and land subsidence (sinking). Seven of the 10 largest ports (by tons
of traffic) are located on the Gulf Coast.( Karl et al. 2009) The US Navy estimates
that $100 billion of Navy installations would be at risk with a sea level rise of about

3 ft. (NRC 2011)

V1. Personal Reflections on a Scientist’s Journey

Scientific knowledge is always evolving. Science progresses because scientists
constantly question every aspect of scientific understanding. New findings,
seemingly credible, and perspectives that prevailed for decades are sometimes
proven to be wrong. The process of science is one of always questioning and

challenging both the new and the well-established findings.
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A scientist is always asking: Does evidence adequately support the prevailing view
as to how a particular process works? Is there an alternative explanation that is also,

or perhaps even more, consistent with the highest quality evidence?

All good scientists ask these questions about everything they have either been
taught or have discovered themselves. We train our students to go beyond what we
can teach them - to use newer methods for gathering evidence, to subject their data
to ever more sophisticated analyses, to always keep their mind open to other views
in order to advance, in the most genuine sense of the word, the science. The very
best students will discover errors and inadequacies in what their mentors thought

to be the best understanding of the natural world.

For many of us in ocean science the compelling evidence for human-caused climate
change came with the observations of deep ocean warming, the ice core data that
demonstrate linkages between Earth’s past temperature and atmospheric
greenhouse gas content, the acceleration in sea level rise, the abrupt melting of land
ice and ice shelves that had been in place for many thousands of years, and global
changes in ocean chemistry. Such changes in these phenomena can only be
consistently explained by an unusual rate of greenhouse gas release to the

atmosphere.

The idea that greenhouse gases from fossil fuel combustion affect climate, which
was studied by Arrhenius more than a century ago and developed further by
Calendar a half century later, is correct. Interestingly, Arrhenius did not anticipate
the rapid growth in human population during the 20t century and our increasing
demands for energy - he thought that it would take millennia rather than a justa

century to double the pre-industrial atmospheric CO; concentration.

State of the art fully coupled climate models can now simulate the natural processes
that affect climate (solar cycles, volcanoes, and internal cycles such as the El Nifio ~

Southern Oscillation) and the human-caused processes that affect climate
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(greenhouse gases and aerosols) to show the relative importance of each of these
components in the climate of the past and present. Using assumptions about trends
in population, type of energy used, etc. these same models can make projections
about future climate. One very clear finding from these studies is that one of the
largest uncertainties about future climate relates to the choices that we and our
children will make regarding energy use. The more dependent we are on CO;.

emitting sources of energy, the more Earth’s climate will change.

In the public media there is a lot of confusion about climate science. Most National
Academies and professional societies have issued statements about climate science.
The American Meteorological Society, for example, in a 2007 two-page statement

says:

“Despite the uncertainties noted above, there is adequate evidence from
observations and interpretations of climate simulations to conclude that the
atmosphere, ocean, and land surface are warming; that humans have
significantly contributed to this change; and that further climate change will
continue to have important impacts on human societies, on economies, on

ecosystems, and on wildlife through the 21st century and beyond.”

Other professional organizations of ocean and atmospheric scientists and National

Academies have issued similar statements.

It can be tempting to think that any of us know better than the experts, or that the
risks don’t apply to us. Early in my life I had many friends and family who smoked
cigarettes. But most of them stopped when organizations such as the American
Medical Association, the American Cancer Society, the American Lung Association,
the American Association for Thoracic Surgery, etc. issued statements saying that
smoking contributes to lung and heart disease. Some continued smoking because
habits are hard to break, and others continued because they thought that it couldn’t

be said with certainty that they would get cancer.
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This same sense of self-preservation and responsibility for our actions that will
affect future generations should motivate us to wisely use knowledge from climate

science to reduce risks of harm from unnecessarily disruptive climate.

Thank you for inviting me to contribute to this discussion.
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Fig. 8

= Mt. Pinatubo eruption
{+1, +2, +3 years after)

P

LALLM LN M B S A S B SN RSN B S RO NN I M S R AR ML A S MR M

PORTSOE T W SRR ST U N Y TOE WU A TN SO SO ST T JONC SO SN TNV S SN0 WA WO T WY S WY SN YON SUR TSI W ST S SO WY T T WO A ST |

Ranking the 50 Warmest of the last 150 Years

wr
S
@© =) 2 3Ks 3N e))
U P%OO(Q#
> o600,
e 9TITII
T Sooo0o0
= QDM OO
= SN m oM
Y] LAV ol i
i e
'OLPZ lllllll'
{e] <t o~ o o~
o o (=) () OI

abelane 0661-1961 WO
(D) ®oualayip ainjeaadwa |

20 30 40 50
WMO # 1085

Rank of hottest years to coldest

10



165

600¢ puty pue uean

aJnjesadwa] delns
S,ynej uj spuaJj juaoy
2onpouday Ajjnjylied
S|9PON ‘pawiwing

9.e "213 ‘S|0s0JaY Sh|d
sasen asnoyusalo puy
S90UBD|OA ‘SOUIN |3
‘Aljigelien Jejos

JO S10943 9y USYM

§00¢ 0002z G661 0661 G861 0861

sﬁ?zﬁa

SIOSCUBY DIIDDI0A \,M E

20~
1°0~

200

10
<0

c0-
10~
00
10

mkucmcoaccou sunjosadwsa] a204ng (g

0

G002z 0002 G661 0661 G861 0861

....._.. _ ——T
LB Dea URpOUE %&
SUOI}IDAIBSQO YD ~ ) K !
!

Q ?ﬁr& y il

asnpuadws) eoppng pqol9 (o

suonoung Suldu04 alewi|D pantasqo 8uisn
6314 600C — 086T d1ewl|D s,y1ie3 SunoniIsuoIay

(>) Aiowouy

(1) Aowouy

() Ajowouy



166

SEETN

¢l0¢ 600¢ 900¢ €00Z 000C /L66L v661 1661 896l G861 286l 6.61

J9lu8n Ble(] 93] PUB MOUS [euone

00t

- G0L

o<t

\ gz

¢l0c¢ -6.61 sunr

. U)X 99] Bag 2104y Ajyjuo| abelseny
0T ‘81

oct

SJ91BWOoY aienbs uoljjiw) JusIxg

(



167

eLeinree

Bny inp

unp

Repy idy

09 Jepinog “Iejusy BIB(] 89] pUe MOUS [BUOHEN

*2130JY 3Y3 JO ISOIN INoYSnoay] jewoN uey)

Jaise3 uesoag 195U YW Jequaidas Buung
ua9g AjjenidA ] se yop Jej se Suiyoeay
Seas sjudieg puy eiey ayl ul Jatep uado

i i

SUOHBIAS(] plepuBlS 25
abeisny 000Z—6.61 ~

2002 - -

z2i0g —

(991 BOS %G| 1SBS)| I8 UUM UBSI0 JO BalY)
juaIx3 89} BaS Ol104yY

1T 84

oL

-0}

—<cl

145

1 @Jenbs Jo suoljjiw) uaIxg

(s1e18WI0]



168

VSVN

Sugow oN. 19w 3)qeqold 934} MOUS/3D) e1ep oN

7134

.

-

2102 A|nf Suranp 9se4ing puejuaaln uo 331N pidey



169

800¢ '|e 1@ Jajjaid

«[s3Youl 87 — T€]

SJ918W (' pue 80 usaMmia( Sal|
solweuAp 821 paseasdu; Suipnjoul
00TZ 01 3SlJ |9A3] 1S Jo 28ukl
9y} Jo ajewnsa panosdwi ue
1843 15983ns am ‘a4ay pajuasaid
suope|na|es Jo siseq syl uQ,,

suoneulwaa ]
(usau8) aulen

pue (3oe|q) jeid1saLia]

YHM S13108(H I191IN0
puejuaalo JO suonedo] pue

uono|N [elde|o Jo saley
€T "8i4

.




_000T__ 0861 0961 _ Ovel _ 0Z61 0061 _ 088l
i v
o
T Q
L oS ﬂdﬂ m.
i g 2 ¢T10C - 0481
- oo § =
i g m |2AS7 BaS
[3XY
H e1eq susesg ost mm L_Ou_. mHmD mU_.___mu.mm
I JApmur prg e 700¢ W UCN mm:mw m—u_.._n

170

a8uey) |ana7 B3S UBIIA |BqO|D

|[9AS7 B3S |BqO|D pue
|e207 01 suauodwo)
sunnguauo)




Fig. 15

Trends in Sea- Level Change (mm/yr) due to

Warming from 1955 to 2003
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MUSEUM OF COMPARATIVE ZOOLOGY

The Agassiz Museum

HARVARD UNIVERSITY
26 OXFORD STREET
CAMBRIDGE, MASSACHUSETTS 02138

17 January 2013

Senator Barbara Boxer
Committee on Environment and Public Works
United States Senate

Dear Senator Boxer:

Please excuse my tardy response to your letter of 27 December. 1 have been travelling,
and for a good portion of this in electronic darkness aboard a research ship in the Gulf
Stream.

You asked that I address four questions - my responses follow.

1. The National Academy of Sciences concluded “Climate change is occurring, is
caused largely by human activities, and poses significant risks for — and many cases
is already affecting — a broad range of human and natural systems.”

1s this view shared by other scientific professional societies and academies of science
around the world?

Within the United States all professional societies and organizations of atmospheric,
ocean, Earth, or climate scientists have stated similar positions on climate science. Most
U.S. climate scientists are members of the American Meteorological Society (AMS)
(14,000 members) and/or the American Geophysical Union (AGU) (58,000 members).
Both of these societies have issued statements regarding the soundness of climate science
that links human releases of greenhouse gases to recent climate change. In 2007, for
example, the American Meteorological Society issued a two-page statement on climate
change that includes the following:

“Despite the uncertainties noted above, there is adequate evidence from
observations and interpretations of climate simulations to conclude that the
atmosphere, ocean, and land surface are warming; that humans have significantly
contributed to this change; and that further climate change will continue to have
important impacts on human societies, on economies, on ecosystems, and on
wildlife through the 21st century and beyond.”
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In October 2009, the American Association for the Advancement of Science (125,000
individual and institutional members) and 17 other scientific organizations (including
AMS, AGU, the American Statistical Association, the Society for Industrial and Applied
Mathematics, the American Chemical Society, and the Ecological Society of America)
sent a letter to members of the U.S. Senate, noting that “rigorous scientific research” and
“multiple independent lines of evidence” clearly support the reality of global climate
change tied to human activities. “The severity of climate change impacts is expected to
increase substantially in the coming decades,” the letter concluded.

In many nations the national academies of science have been asked to assess knowledge
of climate science and to recommend actions for policymakers. Certain groupings of
these have become powerful statements. For example, in 2005 the presidents of the
national academies of the G-8 nations plus Brazil, China, and India declared jointly that
“there is now strong evidence that significant global warming is occurring. . . . It is likely
that most of the warming in recent decades can be attributed to human activities. . . . This
warming has already led to changes in the Earth’s climate. . . . The scientific
understanding of climate change is now sufficiently clear to justify nations taking prompt
action. It is vital that all nations identify cost-effective steps that they can take now, to
contribute to substantial and long-term reduction in net global greenhouse gas
emissions.”

2. Can you please describe the relationship between projections of temperature
increases and observations in recent years? Are the observations consistent with
what would be expected because of climate change?

The first speculative projections for an increasing trend in Earth’s temperature from
increasing atmospheric carbon dioxide content were made more than a century ago. In
the 1980s with the use of atmospheric general circulation models such projections
became more realistic for climate responses both to natural climate cycles and to
increasing atmospheric concentrations of greenhouse gases and aerosols. Today these
models are fully coupled for atmospheric, oceanic, and biospheric processes, and
organizations such as the Intergovernmental Panel on Climate Change combine these
with scenarios for population and economic growth to make even more realistic
projections. To properly consider the full range of climate response to socioeconomic
factors that determine the rate at which greenhouse gases and aerosols are released to the
atmosphere, credible projections must be given as ranges with the spread between upper
and lower bounds increasing with time into the future.

If greenhouse gas concentrations in the atmosphere increase with each successive year,
will each successive year be warmer than the last? No. As we have seen over the past
several decades, natural processes such as major volcanic eruptions, and natural cycles
such as the eleven year solar cycle, and inherent cyclic climate phenomena such as ENSO
(El Nifio/La Nifia) cause annual up and down wiggles in the global average temperature
trend. Many studies have shown that when all of the major factors are taken into
consideration the observations for Earth’s annual average temperature are consistent with
model projections.
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3. Can you please describe how we know that greenhouse gases are contributing to
observed warming?

Fundamental physics discovered in the mid-800s demonstrate the power of greenhouse
gasses to trap heat, and these relationships are known with great precision. The
aforementioned sophistication in climate modeling allows for quantification of the
relative contributions of all the major contributors to the energy balance for Earth’s
atmosphere. This energy balance between the upper and lower atmosphere changes with
the addition of greenhouse gases to the lower atmosphere — the lower atmosphere warms
and the upper atmosphere cools. This is exactly what is being observed in balloon and
satellite measurements. And this upper and lower atmospheric difference is not what
would be expected if Earth’s climate were changing because of a change in the intensity
of solar irradiation or in cloud physics. As the climate forcing from accumulated
greenhouse gases increases (today it is about ten times as large as the difference in solar
intensity experienced over the eleven-year solar cycle) the roles of natural processes
become less significant. When all of these known components are summed they
reproduce characteristics of the current temperature for Earth’s surface. It is thus clear
that a major factor is not being overlooked. Moreover, if the models are run with all
components except the current greenhouse gas contribution, they project an average
temperature for Earth’s surface today that resembles the temperatures observed early in
the early 20® century.

I hope that these responses are helpful, and please let me know if you need additional
clarification.

Yours sincerely,

R

b
James J. McCarthy
Alexander Agassiz Professor of
Biological Oceanography
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Senator BOXER. Thank you very much.

I just want to say, on behalf of all of us, to all three of you that
we are so appreciative of your testimony today. Very clear, I
thought, and thought provoking.

So, we are going to start a series of questions, and then I am
going to keep the record open for a couple of days. Would you all
be willing to answer questions in writing? Because I know I have
so many I will not have time to ask them.

Senator INHOFE. Me, too.

Senator BOXER. And so does Senator Inhofe as well as others.
OK, so we will do that.

Mr. Christy, your written testimony cites a study by Anthony
Watts that claims to find bias in thermometer stations’ readings.
Has this study been submitted to a journal for publication or been
through a peer review process?

Mr. CHRISTY. Not to a journal yet.

Senator BOXER. OK. So, there has been a study, and you cite it,
that there is a bias in thermometer station readings. Do you think
people are lying about what they read, or are they not presenting
it right? That there is a bias in thermometer station readings?

Mr. CHRISTY. Right. The study simply put the category of sta-
tions that have a lot of stuff around them in one category, and a
second category of uncluttered stations, they are rural, and there
is a significant difference between them.

Senator BOXER. OK.

Mr. CHRISTY. There are other things that need to be done yet.

Senator BOXER. So, who is guilty of this bias? Who is doing this?
Who is making a decision that leads to a bias?

Mr. CHRISTY. I am sorry, of what?

Senator BOXER. You say that there is a bias in thermometer sta-
tions’ readings.

Mr. CHriSTY. Oh.

Senator BOXER. Who is guilty of the bias? Who has the bias?

Mr. CHRiISTY. If the readings of the thermometers do not take
into account that clutter around the station, then there is a bias
in those

Senator BOXER. By whom?

Mr. CHRISTY. Thermometer readings are taken by the traditional
surface measurements up here.

Senator BOXER. Right.

Mr. CHRISTY. Because those classification schemes have not been
applied to those——

Senator BOXER. How would you fix this problem?

Mr. CHRrisTY. Well, we are working on that right now.

Senator BOXER. OK.

Do you agree with that, Dr. Field, that there is a bias here?

Mr. FieLD. NOAA, the National Oceanic and Atmospheric Ad-
ministration, has a number of published studies on the question of
whether there any problems in the temperature record from the
U.S. weather stations and their studies have consistently not been
able to find any problem and consistently indicate that the stations
are accurately reflecting both the underlying temperatures and the
underlying temperature trends.

Senator BOXER. And has that been peer reviewed?
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Mr. FIELD. Those are in the peer reviewed——

Senator BOXER. OK, so I think enough on that.

Mr. CHRISTY. OK, there are no

Senator BOXER. If I could just finish, then you can respond.

When a study is not peer reviewed, you can understand why
some of us might be skeptical. Now, Dr. Christy, have you seen
this, Our Changing Climate 2012, Vulnerability and Adaptation to
the Increasing Risks from Climate Change in California? It just
came out. Are you familiar with it?

Mr. CHRISTY. I am familiar with previous reports. I believe I
might have seen a draft of that.

Senator BOXER. This just came out yesterday. So, we will make
sure you see it. I am not going to ask you specifically about what
is in it. But I am going to tell you what it found. What they say
is the latest science on climate changes impacts of California, doz-
ens of scientists in over 30 peer reviewed papers. It describes var-
ious climate change impacts including increased temperatures, sea
level rises, wildfire risk, and air pollution levels.

Now, you live in California, in my State. Is that correct?

Mr. CHRISTY. I am a native Californian.

Senator BOXER. All right. Where do you live now?

Mr. CHRISTY. Alabama. I am the State Climatologist.

Senator BoXER. Oh, OK. So, you are there now. Well, I want to
tell you things are changing in our State if you do not know that.
Just your own eyes would tell you, the type of droughts, the type
of bark beetles, the types of problems that we are having. And I
am asking you, do you believe

Mr. CHRISTY. May I respond, Madam Chairman?

Senator BOXER. Do you believe that State and local governments
should ignore these overwhelming scientific findings and stand idly
by as the health and well-being of their citizens are harmed when
such a report comes out that is peer reviewed?

And I will say to you, technical staff from all of the agencies, out-
side scientific experts, 26 research teams and other research groups
produced 30 peer reviewed papers, and they are warning the people
of California what is going to happen. And they are warning the
agricultural industry and the tourist industry. Do you think we
should just say let us just wait and see?

Mr. CHRISTY. I suspect they did not include my peer reviewed pa-
pers in there that do not show the changes in snowfall and Central
California temperatures and so on——

Senator BOXER. So you——

Mr. CHRISTY [continuing]. Show the contamination in those peer
reviewed papers. I bet they did not use those.

Senator BOXER. Well, let me just say this. You stand with about
2 or 3 percent of scientists, is that right, in your conclusions?

Mr. CHRISTY. The question, that comes from a study of 77 people.
And I suspect, if I were asked the question, I would have been on
the majority because the question was very milquetoast. It was, do
you think climate change is occurring? Do you think the world is
warming? Well, virtually everyone agrees with that, that climate
change is always occurring.
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Senator BOXER. So you think it is. You think it is. So, do you
think that we should take action since you do not doubt that the
planet is warming?

Mr. CHRISTY. Well, as a scientist I would ask the question what
action do you want to take? I will test it to see if it will make a
difference. And as I have done throughout all of my career——

Senator BoXER. OK, well that is a step forward that you say——

Mr. CHRISTY. Those changes will not make a difference.

Senator BOXER [continuing]. That global warming is occurring. 1
think that is a very important point.

So, I really do want to be a little California-centric here. We do
represent 38 million people in our State.

My last question is to Dr. Field. In California in 2010, agri-
culture had revenues of $37.5 billion, and tourism supported nearly
900,000 jobs and $90 billion in direct spending. That is why this
type of peer reviewed report is so critical to our people.

So, I am asking you if you believe, unless we can turn things
around, should we expect more frequent and intensive extreme
weather that could impact these types of key economic sectors?

Mr. FIELD. Thank you, Senator Boxer. As I said in my testimony,
the conclusion from the latest IPCC report is really clear. A change
in climate leads to change in the risks of extremes. We are already
seeing increases in extremes, and we are seeing increasing risks of
the kind of extremes that can lead to weather and climate disas-
ters, the kinds of weather and climate disasters that can have pro-
found effects on agriculture, on industry and on infrastructure.

Senator BOXER. So, in just concluding my discussion with you,
Doctor, I thought your testimony was clear. You said you are sure
about three things. You were not sure about everything. But the
three things, and I can to remember them, was higher tempera-
tures and higher sea level, and the third one?

Mr. FIELD. We are seeing increases in the record so far of in-
creases in extremes related to high temperatures, increases in the
fraction of rainfall that is falling in the heaviest precipitation
events, and increases in extreme events that are connected to high
sea level, basically storm surge.

Senator BOXER. OK. Thank you very much.

Senator Inhofe.

[The referenced information follows:]
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A Summary Report on the Third Assessment
frtom the California Climate Change Centet




179

s the nation faces record heat, storms,

drought, and wildfires, California has an

advantage in its scientific understanding of

climate change. A solid body of vital data is

available to assist state and local leaders to
better understand how climate change is affecting us now,
what is in store ahead, and what we can do about it.

State-sponsored research has played a major role in
recent advances in our understanding of the potential
impacts of climate change on California. A first assessment,
published in 2006, made clear that the level of impacts
is a function of global emissions of greenhouse gases
and that lower emissions can significantly reduce those
impacts. The second study,
releasedin 2009, made thecase
for adaptation as a necessary
and urgent compiement to
reducing emissions.

The 2012 Vulnerability and
Adaptation Study, the State's
third major assessment on
climate change, is summarized
here. In contrast to the
previous two assessments,
this one explores local and
statewide vulnerabilities to
climate change, highlighting

pose opportunities for taking

Extende: 3

difficult challenges for California in
recent years and could pose increasing
problems with climate change.

concrete actions to reduce
climate-change impacts,

This  assessment  examines
adaptation options in regional case studies and offers
insights into regulatory, legal, sociceconomic and other
barriers to adaptation so that they can be addressed
effectively at the local and state levels, A regional
study of the nine-county San Francisco Bay Area is
also included.

The third assessment, like its two predecessors, reflects
a powerful collaborative process. Guided by a Steering

Committee of senior technical staff from State agencies
and outside scientific experts, 26 research teams from the
University of California system and other research groups
produced more than 30 peer-reviewed papers. They offer
crucial new insights for the energy, water, agriculture,
public health, coastal, transportation, and ecological
resource sectors that are vital to Cafifornia residents,
businesses and government leaders,

1 OURCHANGING CLIMATE 2012
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bserved changes over the last several

decades across the western United States

reveal clear signals of climate change.

Statewide average temperatures increased by

about 1.7°F from 1895 to 2011, and warming
has been greatest in the Sierra Nevada, Throughout the
past century, precipitation {rain and snow) has followed
the expected pattern of a largely Mediterranean climate
with wet winters and
dry summers, and
considerable variability
from year to year. No
consistent trend in
the overall amount of
precipitation has been
detected, except that
a larger proportion of
total precipitation is
falling as rain instead

California’s Changing Climate

Projected Changes for the Remainder of this Century

Projecting future climate requires sophisticated computer
madels. Studies from the third assessment used projections
from six global climate models, all run with two emissions
scenarios, one lower (B1) and ane higher (A2) {the same as
were used in the 2009 assessment). Both the models and
scenarios are well biished, but future i may
be even higher or lower depending on the choices society
makes, resulting in greater or smaller
climate changes. Global modeling
results were then “scaled down” using
two differentmethods to obtain regional
and local information. In addition to
projections of future climate, several
studies in the third assessment also used
several scenarios of population growth
and fand use policy (Business as Usual,
Smart Growth, Infill, Fire Risk Avoidance,
Agricultural Land Preservation, and
Biodiversity Preservation) to shed light
on how development patterns could

of snow. In addition, Sun Joaquin Valley

during the last 35 Daity Minimuny Tesperatives in Janiary 2080
years, the Sierra o : :
Nevada range has

witnessed both the

wettest and the driest

years on record of
more than 100 years.
While intermittent
droughts have been
a common feature of

make California more or less vulnerable
to climate change.

Temperatures in California will
rise significantly during this century
as a result of the heat-trapping gases
humans release into the atmosphere,
This broad conclusion holds regardless
of the climate model used to project
future warming. However, warming

the state's climate,
evidence from tree
rings and other
indicators reveal that
over the past 1,500
years, California has
experienced dry
spells that persisted
for several years or
even decades,

Warmer tempera-
tures combined with
long dry seasons over
the last few decades
have resulted in more severe wildfires. Substantially
higher temperatures, more extreme wildfires, and
rising sea fevels are just some of the direct impacts
experienced in California that can be attributed, at
least partially, to climate change. Projections of
California’s future climate served as the basis for all
studies in the third assessment.

will be significantly greater with higher
emissions than with lower emissions,

in the early part of this century ~—
warming under the higher emissions
scenario differs fittle from what is
seen in the lower emissions scenario,
largely because temperature increases
over the next few decades are already
determined by past emissions. By
the latter part of this century, study
findings show that the climate choices
society makes today and in the coming
years can have a profound impact on
future conditions.
By 2050, California is projected to warm by approximately
2.7°F above 2000 averages, a threefold increase in the
rate of warming over the fast century,
By 2100, average temperatures could increase by 4.1~
8.6°F, depending on emissions levels.
Springtime warming — a critical influence on snowmelt
— will be particularly pronounced.

OURCHANGING CLIMATE 2012 2
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+ Summer temperatures will rise more than winter
temperatures, and the increases will be greater in inland
California, compared to the coast.

« Heat waves will be more frequent, hotter, and longer.
There will be fewer extremely cold nights.

p in California

Catifornia is exps
during this century. The fig h

warmer

increasesin de annual

temperatures for three 30-year periods. Ranges for each emissions scenario
represent results from state-of-the-art climate models,

Sacramento
Number of Extreme Heat Days

¢ el §25°F

S

3 OURCHANGING CLIMATE 2012

Model p for p over Califi
continue to show the Mediterranean pattern of wet
winters and dry summers with seasonal, year-to-year, and
decade-to-decade variability. For the first time, however,
several of the improved climate models shift toward drier
conditions by the mid-to-late 21st century in Central and,
most notably, Southern California.

By mid-century, some climate models show that the 30-
year average precipitation in the San Diego region will
decrease by more than 8 percent compared to historical
totals, even under a lower emissions scenario.

By late-century, all projections show drying, and half of
them suggest 30-year average precipitation will decline
by more than 10 percent below the historical average.
This drying trend is caused by an apparent decline in
the frequency of rain and snowfall. Even in projections with
relatively smalt or no declines in precipitation, central and
southern parts of the state can be expected to be drier from
the warming effects alone as the spring snowpack will melt
sooner, and the moisture contained in soils will evaporate
during long dry summer months.

Wildfire risk in California will increase as a result of
climate change. Earlier It, higher temp
and longer dry periods over a longer fire season will
directly increase wildfire risk. Indirectly, wildfire risk wilt
also be influenced by potential climate-related changes
in vegetation and ignition potential from lightning.
Human activities will continue to be the biggest factor in
ignition risk. Previous research estimated that the long-
term increase in fire occurrence associated with a higher
emissions scenario Is substantial, with increases in the
number of large fires statewide ranging from 58 percent to
128 percent above historical levels by 2085. Under the same
emissions scenario, estimated burned area will increase by
57 percent to 169 percent, depending on location.

New studies in the third assessment demonstrate that
the distribution of where and to what degree wildfire risk
increases in California will also be driven to a large extent by
changes in land use and development. Modeled simulations
estimate that property damage from wildfire risk coutd be
as much as 35 percent lower if smart growth policies were
adopted and foliowed than if there is no change in growth
poticies and patterns.
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Health: Many O

limate change could have major impacts on

public healith and well- bemg throughout

California if ad

are nottaken. However, many chmate adaptation

opportunities exist for protecting the public
welfare, many of which have already proven effective.
Strategic placement of cooling centers, for instance, has
been clearly shown to save lives during heat waves,

Many of the gravest threats to public health in California
stem from the increase of extreme conditions, principally
more frequent, more intense, and longer heat waves.
Particular concern centers on the increasing tendency for
multiple hot days in succession, and heat waves occurring
simultaneously in several regions throughout the state.

Public health could also be affected

Reduce E ,@wai Vulne

Outdoor eat and, with
fewer options to cope, they will be aﬁected drspmpomonately by the
impacts of climate change.

heat, which makes air conditioner ownership a useful
indicator of short-term coping capacity. However,
increased use of air conditioners should not be relied
on as an effective long-term strategy given the risks of
power outages during peak-demand periods and related
higher energy demand, both of which increase costs
to individual households and overall greenhouse gas
i if the electricity comes from fossil fuel sources

Heat waves are by climate change impacts on
air quality, food production, the

eXPECtEdtOO(CUl’ amount and quality of water
morefrequentlyand supplies, energy pricing and
availability, and the spread of

grow Ionger and infectious diseases, These impacts
more intense, posing  ould have potentially long-term
. . repercussions, and the severity of
particularrisktothe  their impacts depends largely on
most vulnerable. how communities and families can

adapt.

Studies in the third assess-
ment improve our understanding of Californians’
vulnerability to extreme heat events and other
extreme climate events, Some segments of the popu-
fation are more sensitive than others and may have less
ability to prepare for, cope with, or adapt to changing
conditions, and will be impacted disproportionately.
Understanding these characteristics (age, sex, race,
education level, income, air conditioner ownership
and others} can be helfpful to develop and prioritize
adaptation options that target those in greatest need.

For example, one study shows that mortality from
various cardiovascular conditions on extremely hot
days is up to 28 percent higher than normal background
mortality. New studies also show elevated risks for
hospitalization for stroke, diabetes, acute kidney
failure, dehydration, and pneumonia for those 65 years
and older, infants under 1 year of age, and African
Americans, The need for emergency room visits for a

such as natural gas.

New studies for the San
Francisco Bay Area and Fresno
County find minority and poorer
popuiations, have significantly
fower access to common adapta-
tion options for dealing with health
threats from climate change, such
as tree canopy for shading or car
ownership to go to public cooling
centers than other segments of
the population, Another study
finds Los Angeles to have a dis-
proportionately large number of
highly vuinerable people at risk
during extreme heat.

Higher temperatures also
increase ground-level ozone
levels. Furthermore, wildfires can
increase particulate air polfution in
the major air basins of California.
Together, these consequences of
climate change could offset air

pioti
is growing in public health
departments across the state,
Several universities and the
California Department of
Public Health are working
together to identify climate-

to risks such as extreme hest
2nd air pollution.

variety of conditions also increase for many
of the population, while preterm detivery is more likely
for all pregnant women, especially for younger, African
American and Asian American women.

The use of air conditioners significantly reduces the
risk of mortality and hospitalization in times of extreme

quality impi s that have

successfully reduced dangerous ozone concentrations,
Given this “climate penalty,” as it is commonly called, air
quality improvement efforts in many of California’s air basins
will need to be strengthened as temperatures increase in
order to reach existing air quality goals.

OURCHANGING CLIMATE 2012 4
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n California’s i-arid, climate, safe

and reliable supplies of clean water are critical. The

state’s urgent water management challenges posed
by climate change include increasing demand from

a growing population as temperatures rise, earlier
snowmekt and runoff, and faster-than-historical sea-level rise
threatening aging coastal water infrastructure and levees in
the Sacramento-San Joaquin Delta. Climate change effects
on water supplies and stream flows are also expected
to increase competition among urban and agricuftural
water users and environmental needs. Finally, increases in
extreme precipitation and runoff are likely due to warmer
storms and extreme "atmospheric rivers” — narrow bands
over the Pacific Ocean that carry huge amounts of moisture
into the state in occasional series of winter storms.

Water studies in the third assessment analyze
water management options under these expected
changes, and also examine the sector’s sensitivity and
capacity to adapt to dlimate change. They explore feasible
adaptation strategies at the state and local levels, revealing
major barriers hindering adaptation. Policies to overcome
these barriers will be needed to ensure that Californians are
well-prepared for climate change.

One study illustrates problems in California’s water supply
allocations {the amount of water that goes to different users
each year) if the current allocation criteria and decision-
making procedures continue to be used as the climate
changes. Many water management decisions in California
rely on a classification scheme of the year's water availability

{distinguishing "wet,” “normal,”

3 “dry,” and “critically dry” years).
Thes mgle most Depending on what type of year
important step toward it is, different amounts of water

. " are allocated among the state’s
preparing for climate many users, Using the current
(hange in the water allocation thresholds, the study

. . projects changes in stream flow
sectoristoimplement  for the Sacramento and San

it ori Joaquin valleys, showing that by
anacqurate momtormg the latter half of the 21st century
system thatrecords critically dry water years could
water diversions. occur substantially more often

(8 percent more frequently in
the Sacramento Valley and 32
percent more often in the San Joaquin Valley), compared
to the historical period (1951-2000}. During such critically
dry years it is nearly impossible to satisfy the state’s water
needs, including those for agricultural and environmental
purposes, which could affect the farm economy and
endangered species. Adaptive changes in the water
allocation framework could help lessen this problem,
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Water: Every Drop Counts

San Joaguin and Sacramento Valleys
‘Wet and Critical Dry Years

B Y E &Y E

Percent of wet/critical dry water years within time period

S EHEEE D

i San loaquin Valley
i Sacramento Valley

Reductions in stream flow by the latter half of the century are
estimated to lead to more frequent critically dry water years,
resulting in less water availabl already
ecosystems and species.

hiahliah bl

The third t also highlig
progress in adapting water management in
California, but difficult legal and political barriers
impede implementation of some of the most feasible and
potentiafly most effective strategies. Clearly, adaptation
requires much more than technical solutions; societal
barriers must be addressed in appropriate forums to be
overcome with durable commitments.

Another study, focusing on legal and institutionat
barriers to adaptation suggests that climate change will
exacerbate ongoing conflicts over water by increasing
demand and decreasing supply. The study concludes
that the most important step toward preparing for
climate change would be to implement and enforce
an accurate monitoring system that records who is
diverting water, in what quantities, and when. This would
significantly improve decision-making compared to the
current water in which gi d is
essentially unmanaged,
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INFORM: A decade of collaboration between scientists
and California water managers has led to the development
of a probabilistic-based decision-support software, called
INFORM {Integrated Forecast and Reservolr Management),
that has shown demonstrable success in mcreasmg water
's
Iargest reservoirs in Northem California, while still protecting
the public from flooding. These reservoirs represent about
88 percent of the total storage capacity in the Sacramento
and San Joaquin region, and about two-thirds of the
state’s drinking water. Some of the world’s most productive
farmiands also depend on that water for irrigation. A new
study tests this probabilistic forecasting system as a tool to
support water utilities in their management efforts, To fully
implement such a system in California, major obstacles would
have to be overcome, including challenges in interagency
coordination and cooperation at the local level, operational
rules, norms of professional behavior, and legal barriers at
the federal ievel, which may require Congressional action.

For water districts where
imported water is ejther limited
or unavailable, and that rely
on local sources for water,
groundwater reserves are an

especially important adaptation
| strategy in the face of increasing
" risk of drought. California has
always relied heavily on its
groundwater when surface
water supplies have dwindled

: kaltered;ivsrﬂaw hsgh S8
~:eveisgande&a et
&

Sraller water agencies that donot
import water but instead rely mostly
on local sources can adapt to climate
chiange by developing groundwater
drought reserves to buffer against
shortages.

during droughts. One study of
smatler water districts in Central
and Northern California show
that regulatory constraints on
using surface water supplies,
along with stakeholder and

agency leadership, were key motivators to move toward
"

more sustainable gr

and the

establishment of reserves. Such efforts support adaptive
water management at the Jocal level.

Difficult legal and political barriers
impede implementing the most effective
adaptation strategies.

OURCHANGING CLIMATE201Z 6
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ncreases in average temperature and higher
frequency of extreme heat events bined with

inEl

new residential development across the state will
drive up the demand for cooling in summertime.
This growing demand will only partially be offset by
decreased heating needs in the wintertime and improved
energy efficiency. Californians derive about 15 percent of
their electricity from hydropower with more than half of this
energy generation occurring above 1,000 feet elevation in
relatively small systems. Hydroelectricity is a premium asset
during the peak-demand summer months, Past studies
have already shown that this hydropower generation is
declining, and it is expected to decrease more substantially
as climate change progresses due to reduced snowpack,

earlier runoff, and higher rates of evaporation.

Energy d disi ing. The third
confirms that climate change will increase demand for
cooling in the increasingly hot and longer summer season
and decrease demand for heating in the cooler season.
California‘s residential sector uses relatively little electricity
for heating, and it is therefore expected that the demand
for electricity will increase as households

. operate existing air conditioners more
Climate Change frequently. it is also expected that in
will increase many regions where currently there

are few air conditioners, more will be
demand for installed. Using household level data to
COO“Hg inthe estimate how electricity consumption
. A responds to hotter weather, researchers
mcreasmgly can project increases in annual electricity

consumption at the ZIP code level
hot and longer Their study finds that predominantly
summerseason, non-minority and wealthier ZIP codes

are projected to experience smalier

increases in
energy consumption, while ZIP
codes with a higher share of Latino
and lowerincome residents are
projected to experience larger
increases in energy use, This may
in part be driven by the fact that
wealthier people more often live
near the coast where cooler ocean
breezes reduce the amount of
warming. in the near term, higher
temperatures in the next decade
could increase demand by up
to 1 Gigawatt during hot summer
months — a substantial amount that would require the
construction of one large new power plant in California or
the purchase of costly peak power from external sources.
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Climate warming wilt decrease hydropower generation
mostly in the summer months when hydropower
generation is needed most to meet peak demand.

(higher emissions scenario,

Higher summer
tefesl

will notably i the annual

y ion for air (by ZIP code).
Because inland areas will warm more, and are often home to less
wealthy populations, energy use will grow most in the hottest areas
where those who can least afford it reside.

Energy supply from hydropower is generated in
more than 150 high-elevation hydropower plants
{above 1,000 feet). These units supply about 75 percent of
all the hydropower produced in California. The smalf size
of the high-elevation hydropower
reservoirs allows little flexibility in
operations and might make high-
elevation hydropower plants more
vulnerable to climate change and
reduced snowpack. Researchers
have developed a multi-purpose
water resources management
simulation model for the western
slope of the Sierra, from the
Feather River watershed in the
north to the Kern River watershed
in the south. Their study finds —
importantly — that electricity
generation will be reduced substantially in the summer
when hydropower generation is needed most to meet
peak demand.



For low-elevation hydropower, typically associated
with larger reservoirs, there are ways to reduce climate
change impacts using modemn hydrological forecasting
tools. The INFORM project demonstrates that probabilistic
hydrologic forecasting could substantially reduce the
negative impacts of climate change on water supply,
hyd d , and flood protection.

of high-elevation hydrop: plants have some,
but generally less, flexibility to manage water adaptively.
For example, changing the operating rules of the reservoirs
can help minimize revenue losses in case of a drier,
warmer climate with
lower water flows.

H'gh'elevatm" If hydropower plants
hydmpoweris were to generate
" 20 percent less
particularly vulnerable power annually in a
to dimate change drier, hotter climate,
they could see

and reduced snowpack. revenue losses of

8 percent, compared

to current average
revenues. While the high-elevation hydropower system
can benefit from additional storage and generation
capacities, more studies are needed to determine whether
the expected increase in revenues will outweigh the
expected economic and environmental costs of potential
energy and storage capacity expansions.

Transmission of electricity will also be affected
by climate change. In addition to reduced efficiency in
the electricity generation process at natural gas plants,
reduced hydropower generation, losses at substations,
and increasing demand during the hottest periods
(resulting in more than 17 Gigawatts
or 38 percent of additional capacity

needed by 2100 due to higher Key electricity

temp alone), transmission

lines lose 7 percent to 8 percent .

of transmitting capacity in high corridors are
p ures while ding to . inal

transport greater loads. This means increasingly

that more electricity needs to be yulnerable

produced to make up for the loss in .

capacity and the growing demand. to increased

in addition, key transmission
corridors are vulnerable to f’_equency"f
increased frequency of wildfire. wildfire,

For example, one study in the

third assessment finds a 40 percent

increase in the probability of wildfire exposure for some
major transmission lines, including the transmission
fine bringing hydropower from the Pacific Northwest
into California during peak demand periods. Other
key transmission lines at high risk bring power to the
Los Angeles Metropolitan Area. These risks can be
reduced by introducing more locally produced and
distributed electricity.

ildfire Risk to Electricity Ty ission Lines
{Changing probability in fire risk by end of century
to 1961-1990, high issi scenario}

15

il i

Cli h higher
and longer dry periods over a longer season — exactly the conditions
that increase the risk of wildfire. With more development and critical
transmission fines at risk, property damages and firefighting costs
could rise dramatically.
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As early as 2050, today’s

100-year storm event could
strike annually on average
as aresult of sea-level rise.

187

oastal counties in California are home to
about 32 million people, generating billions
in revenues from industry, shipping, tourism
and other economic activities that support
millions of jobs. Every California coastal com-
munity will experience the impacts of sea-level rise in
the decades ahead, and some are already feeling the
effects. Previous research estimated that property worth
$50 billion and at least 260,000 people are currently located
in areas vulnerable to a 100-year coastal flood (a flood that
has a 1 percent chance of occurring in any single year}.
If population and development were kept at today’s
levels, a 100-year flood
in 2100, after a 55-inch
sea-level rise, would put
at risk 480,000 people
and 5100 billion of
property {in 2000 doliars)
along San Francisco Bay
and the open coast.
A wide range of

Coasts: Faster Rising Seas

Sea-level rise: Historical Trend and Future Projections
1900-2100 under a Higher (A2) and Lower {81} Emissions Scenario

Reitie S0 10k inch)

Y EE WA R8T BNGC BRY WEDT A e

Sea level along the California coast could be 10-18 inches higherin
2050 thar in 2000, and 31-55 inches higher by the end of this century

issions scenario}, This fourfold to
eightfold increase in the rate of sea-level rise compared to what has
b } tieind

critical infrastructure — such as schools, roads, hospitals,

y facilities, plants, airports,
ports, and energy facilities — wilt also be atincreased risk of

It h reducing heat h gas
emissions can reduce the magmtude of sea»level rise over
the very long term (hundreds of years), adaptation is the
only way to deal with the impacts from sea-level rise that
cannot be avoided.

Sea level along California’s coastline has risen about
seven inches in the last century, This rate is expected
to accelerate considerably in the future. Assuming that
sea-level changes along the California coast continue to
track global trends, sea level along the state’s coastline
in 2050 could be 10-18 inches higher than in 2000, and
31-55 inches higher by the end of this century. This
represents a four- to eightfold increase in the rate of
sea-level rise over that observed in the last century.

Besides global warming, sea level is driven even
higher during certain times -— such as when high tides
coincide with winter storms or during El Nifio events.
Past experience shows that such extreme high sea levels,
combined with high winds and big waves running up the
beach, can cause severe flooding and erosion of beaches
and cliffs. While wave extremes may not appreciably
increase over the course of this century, higher sea levels
ensure that waves and storms will cause more erosion
damage than in the past.

The third assessment refines our understanding
of the extent and timing of flooding from projected
sea-level rise, showing that wind and waves could make

9 QURCHANGING CLIMATE 2012

coastal storms more damaging. As early as 2050, given
current projections of sea-level rise, today's 100-year
storm could occur once every year. Moreover, the risk
from flooding in coastal counties is unevenly distributed
with low-income and minority communities particularly
vulnerable in some areas.

More sophisticated mapping and modeling techniques
used in the San Francisco Bay
have vastly improved our ability
to predict the location and
extent of flooding by taking
into account the flow of water
and the vertical height of
structures such as roads, levees,
and seawalls. In some instances,
this new technique reveals that

Risk from flooding
in coastal counties is
unevenly distributed,
with low-income and
minority communities

fewer areas might be inundated 3
in the future if these protective Partacularlyvulnerable
structures are maintained and N SOMe areas.

other still vulnerable areas can

be more clearly identified. In

addition to risks of property damage, coastal storms
combined with higher sea levels could have devastating
effects on the ability of emergency responders to reach
remote communities during disasters. Using more
sophisticated maps of flood risk, scientists estimate
that during a 100-year flood with just 16 inches of sea-
fevel rise, 23 emergency responder fire stations in the
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New decisi pport took sea-level rise into
¥ decisions for coastal i vital
to California’s economy.

region could become inaccessible. Findings also show
how extreme events with higher sea levels could lead to
significantly fonger driving times as some transportation
corridors could be cut off. Adaptation measures that
protect o relocate critical infrastructure, while expensive,
could reduce the vulnerability

high to warrant incorporation for most of the facilities
analyzed. However, the approach proves useful in helping
the port authority to use sea-level rise scenarios to
determine the most robust course of action in a scientifically
informed way. Future infrastructure placement and up-
grade decisions in Los Angeles and elsewhere will benefit
from using a similar approach.

A statewide survey of coastal managers in 2011 updates
a previous effort that tracked progress on adaptation in
coastal California, Findings show a remarkable increase
in awareness, concern, and understanding about climate
change impacts and the need to adapt. But planning for
the future with dimate change in mind is still in the very
early stages. The most familiar strategies to deal with
sea-level rise are those that were used historically such as
“coastal armoring,” while more innovative approaches such
as “planned retreat” and integrating natural ecosystems as
buffers against sea-level rise and storms ("ecosystem-based
adaptation”) are less familiar. Findings are in line with
results of a detalled set of case studies of local government
and regional adaptation processes in San Francisco Bay,
which show that communities are just beginning adapta-
tion planning. Despite economic constraints and other
obstacles, coastal communities with strong leadership
and commitment to coltaboration and communication are
making important progress in preparing for the future.

of the transportation sector.
Other coastal regions such as
Los Angeles and Santa Barbara
could similarly benefit from such
advanced mapping tools.
Sea-level rise and associated
coastal flooding are expected
to put critical infrastructure at
risk, including ports that support
the economy and provide critical
goods to the state and nation,
How to alter port infrastructure to
prepare for serious risks with low
or unknown probability is a major
challenge because substantial
financial investments are at
stake. The optimal time to alter
infrastructure is during scheduled
upgrades. One study in the
third assessment applies a new
approach to facilitate decision~
making by port authorities in
Los Angeles by incorporating
fow-probability  high-impact
uncertainties into planning for
inft cture 4 es. It shows

Flooding Th Routes
Emergency Response Delays Increase Vulnerability for Locat Residents

mproved elevation data and mapping and modeling techniques better capture existing shoreline
i and mare clearly identify the most vulnerable transportation access and

Critical

that the costs of upgrading points. In R

infrastructure for extreme sea-
ievel rise at this time are too

P could be detayed (dark orange, indicating

delays up to nine minutes} or become ynavailable {black) due to roadway flooding as shown for one
area of the city in the inset aerial phote.

Mt
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Ecosystems: Changing Landscapes,
Vulnerable Species, More Fires

alifornia is one of the most ecologically N o N

diverse places in the world. The state’s wfldﬁre Risk in Saf' Francisco Bay N

ecosystems also provide a wide spectrum of under Different Population Growth Scenarios

goods and services supporting the economy

of California and human well-being, including @
fresh water, fertile soil, biological and genetic diversity,
crop poflination, carbon storage, climate stabilization, and
recreational opportunities. All of these values and benefits
can be lost when species are fost or ecosystems become
unhealthy and fragmented, or burn in wildfires,

Studies from the third assessment refine estimates
of future wildfires, this time also considering various papulation
population growth scenarios. Several studies have helped growth
generate a better understanding of how California’s
ecosystems are sensitive to climate change and how
natural resource managers can assist in their adaptation.

An increase in the frequency and extent of wild-
fires due to a hotter and possibly drier future,
leading to significant property damage to homes, was
already established in previous studies. The extent of
the increased economic
ioss from fire, how-
ever, also depends on
population growth
and development in
fire-prone areas. Studies
from the third assess- High
ment refine the estimates m'f:,ugam,n
by exploring the varied growth
effects of emissions

Wildfire risk is expected to increase —even scenarios, population
under alower emissions scenario —3imost v “ong exposure

B

everywhere in the state, By 2050, annual "
fire damage could be between $200 milkion at the wildiand-urban by end of century
and $2.5 biflion, largely driven by differences  interface. compared to the base
in hurman development at the witdiand- Even with lower period (1971-2000)

Increase in fire risk

urban interface, s s
emission levels, wildfire

risk still increases
throughout most of the state. But the extent to which
wildfire risk increases depends also on the way human  Fireriskis expected to increase in much of the San Francisco

idiand— ; Bay Area, Population growth will be a major factor, even i fittle
development advances at the wildiand-urban interface. 20 e L B o Yetiow hues indicate smaller

13 5 7 efold

n some instances, this factor is even more IMportant  jnereases in fire risk, veds
than climate change alone. The most extreme increases increasescomparedmmenskdurmsthebaseDe"od (!971 -2000),
in residentiat fire risks result from a combination ©r® in risk, white indicates areas that

deled,
of high-growth/high-sprawi/warmer-drier climate wm nmm ele

change scenarios, especially in San Francisco Bay and o, adapt to climate change over time. They also reveal

Southern California counties. o . adaptation options specifically geared toward addressing
Improving knowledge of California’s species and qerlying vulnerabilities, thus identifying and helping to
des a deeper und ding of the

prioritize management actions.

Several studies focus on how vegetation could shift
with climate change and the capacity of species to migrate
and keep up with geographic changes. We now know that

services they provide to society. Studies in the third
improve this under ding, especially which
species and habitats are most exposed, sensitive, and able

1 QUR CHANGING CLIMATE 2012
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As species try to keep pace with changing dimat conditions, their chance of survival is

greater when they can reach more suitable habitat,

ecological impacts of climate change could be more severe
than anticipated if species are unable to overcome physical
barriers (such as human settlements) to migrate to areas with
suitable dlimatic conditions, Identifying migration corridors
has important practical applications for land use planning.
Areas that may not be of particular ecological importance
at present and that may be considered for development

California’s Native Freshwater Fish

Many of California’s 121 native freshwater fish species are
already in decline and are particularly vulnerable to climate
change, with 83 percent being at high risk of extinction as
the climate changes, Commercially important species, such
as cohe salmon and steethead trout, are particularly at risk

could play a key role in the preservation of ecologically

rich conditions in California as

for extinction because they require cold water below 72°F.
in contrast, the 43 ive species i o
to fare much better with many thriving and expanding their

To the extent that there the cimate changes. range, and only 19 percent falling into the high-vulnerability
. . $ /::othe.r SIUdg uses 190 yeari category. Managing invasive species, providing shading
areno Sultable habltats :peci'esstzg\aavigr :s r:::i’e(:'rs'tsa:d along river banks, and reducing other stresses on freshwater
nearby that species whatcould happen in the future. fish are among the most important adaptation options,
can reach on their Findings show that climate is
changing conditions so rapidly
own, managers may that some vegetation cannot
: keep pace. In fact, some climates
E‘eed to a?SlSt them_ that currently still exist (such as
in relocatlng tofitting  alpine climates) could disappear
. entirely in the future, while
habitats elsewhere. y

other regional climates (such as
desert climates) could expand

significantly, resulting in some species Josing their habitats
and others expanding theirs. To the extent that there are
no similar suitable habitats nearby that species can reach on
their own, managers may need to assist them in relocating
to new suitable environments.
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Agriculture: Vulnerable but Adaptive

griculture in California generates more
than $30 billion per year, the highest
crop value in the nation, provides more than The third assessment highlights farmers’ interest in

1 miflion jobs, and serves as an

important source of the nation’s
food supply. The sector is already under
stress from competing and growing urban
and environmental water demands and
continuing development on agricuitural
fand. Climate change is expected to
exacerbate stresses on the agricuitural
sector. Changes in temperature and water

s

practices and
adaptation opportunities for the agricuitural sector.

adopting certain adaptation and mitigation
options. Some management practices
simultanecusly achieve co-benefits for
both, such as frrigation technologies
that provide a reliable water supply and
also reduce emissions of nitrous oxide
(a greenhouse gas).

availability — annual and seasonal shifts
as welt as extremes — affect both crop
yield and quality, making the sector highly
sensitive to climate change.

indirect impacts will also take a toll,
including possible further decreases of

i Ty
California is one of the nation’s
largest producers of a diverse
set of crops. While many factors
will determine the choice of
<crops and production costs,
many experts believe costs to
consumers couid goup.

pollinators and increases of pests and disease. Studies in
previous assessments established that many impacts on
perennials (such as peaches, strawberries, and almonds)

Total Agricultural
uinerability index

Verystigh
ey

Madararely High

Nosmal

Matierataly iowr
Low

Vor Low

vary by crop, while nearly
alt annual crops (such as
wheat and sunflowers)
are expected to decline
under climate change.
Agriculture will continue
to be an important eco-
nomic sector but some
Josses will be incurred
and the ultimate impacts
will be a function of how
effectively farmers adopt
adaptation measures,
Planning for agri-
itaral

to climate change. The map shows a

ite index of ility revealing
the Sacramento-San Joaquin Deta, Salinas
Valley, tmperial Vailey, and the corridor

p to
climate change in
California involves

id ion of many

between Merced and F P y
vulnerable. Underlying factors vary among
regions, including differences in climate,

crops, land use and sociceconomic factors.

factors — biological,
environmental  and
socioeconomic ~— that

influence the sector’s vulnerability and resilience. The
third assessment advances the understanding of
vuinerability at the state and regional levels, reports
on farmers’ perspectives on adaptation, and highlights

ial benefits of i

simultaneously contribute to reducing g

adaptation practices that
house gas

Other examples include Some agricultural

soil carbon storage,

renewable energy, and management

crop diversification in .

local farming systems. practlces

Overall, adopting adap-  simultaneously

tation strategies that .

work for specific foca-  achieve co-benefits
tions and crops will increase farmers’ for cdlimate (hange
capacity to manage changes while .
addressing the needs of natural adaptatlon
resources and social issues such as e ogt
farm labor and urbanization pressure, and mltlgatlon.

One study of Yolo County farmers
reveals that growers worry most
about a potentially hotter and drier future even though
they show little awareness of the industry’s vulnerability
to climate change. Several strategies show high potential
for increasing the sector’s resilience, but these require
investment and training for farmers.

Average Likelihood of Yolo County Farmers Adapting
Ad, on and Mitigati Tactic
oyt

Gitigmion Practinss
Reduce shaescy ussgs i e
* agavationt
g pitegy o oty
<o By Ko efiviont fRrm aquiprea
< gt sonrviion kg
et wdar anely or wrind Surbines
‘e water gni reduE PRanSpETR
v

Selaetattonacion
B s Eun W,
ot g v by
tgatian
Copeenae sfscawates o e

‘Plat s o piielards i cipann
areas

st amage o nechord craps
ot busning of crop s

N e " Rt WG it

carler R it sn Sinemise v iofunls o s lige
T g S R SRS £ L o, swvee

5§\§ w1, ey et et
ey Sty

emissions. Results point to the need for crop-specific and
place-based approaches to reducing farmers’ vulnerability

to climate change.
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Yolo County farmers prefer to adopt certain adaptation and mitigation

practices over others, However, ptions may not ily be

the most effective or reliable aver the fong term, or may have negative side

effects, such as pumping more ground water in times of drought.
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he third assessment breaks new ground by

icitly including a reg 1 focus. Eleven

studies focus exclusively on the San Francisco

Bay Area to integrate findings across sectors

and to better support adaptation planning and

implernentation processes precisely at the level at which
most adaptation decisions are made: locaily,

The San Francisco Bay Area was selected because of
its economic importance to the state, coverage of both
rural and urbanized land uses, its diverse coastal and
inland geography, and the many climate change risks the
nine-county region will experience simultaneously. Also
important was the willingness and high interest of regional
decision-makers (the Joint Policy Committee) in policy- and

levant scientific inf . Key climate
vulnerabilities were examined for coastal areas, public
health, ecosystems, agriculture, wildfire, transportation and
energy infrastructure, and water resources.

Local governments face considerable barriers to

San Francisco Bay: A Regional Focus

The study reveals institutional and governance Issues
as the most important barriers for local governments,
followed by attitudina! issues and economic hurdles,

even in wealthy communities.
The study shows that while
many issues can be addressed
focally, state and federal
assistance is needed to
ensure that communities can
adequately prepare for the
impacts of climate change.
Other studies reveal how
differences in social vul-
nerability make for inequality
of impacts. Such studies
provide crucial information
to local governments for
determining where to focus
limited resources for adaptive
fisk Equipped

Summer Temperatures
in San Francisco Bay Area
by Mid-Century

Projections of temperature across the
Bay Area {under the higher emissions.
scenario) largely reflect differences in

adaptation. One study offers an in-depth analysi

of adaptation initiatives to date in the San Francisco
Bay Area (Marin and Santa (lara Counties, the. cities of
San Francisco and Hayward, and the Bay Area-wide
adaptation effort under the Joint Policy Committee).

Our Resiiiet Future

global and national leader in developing solutions

o energy security and climate change. The state’s

fandmark Global Warming Solutions Act {AB 32,

passed in 2006} established greenhouse gas
emission reduction targets for 2020, A separate Executive
Order established a goal for even more dramatic reductions
{80 percent below 1990 levels) by 2050 and beyond,

A study in the third assessment shows both the
challenges for the existing energy system emerging from
climate change and the possibifities for moving toward
clean, renewable energy and more robust, distributed
electricity production and transmission. Given the State’s
< ‘ to reducing issions, the energy sector
is changing rapidly. This presents both challenges and
tremendous opportunities to change the sector to be more
resilient to climate change. Solar photo-voltaic and wind
energy are less vulnerable than conventional power plants
to climate change, and these renewable sources use much
less water than fossil fuel or nuclear power plants, These are
important advantages in light of projected climate changes
for California and the western United States.

trengthening mitigation: California has been a

with such locaily s‘peciﬁc

information and a history of innovative leadership, the
San Francisco Bay Area will be in a good position to create

a safe and prosperous future.

Advancing adaptation: At the same time, the State has

recognized the need to adapt to climate change impacts that
can no fonger be avoided. Currently, the State is developing

its second

daptation strategy, ack

the steady

progress made since the first one in 2009 and recognizing
the enormous challenges ahead. The strategy will need to
be updated periodically in the future. The many adaptation
planning efforts underway in virtually every State agency, in
facal communities such as Chula Vista, San Diego, Los Angeles,
Santa Barbara, Santa Cruz, San Francisco, Hayward, Marin
County, and others, as well as in private businesses suggest
that CEQs, elected officials, planners, and resource managers
understand the reality that California and the world is facing.

in fact, the latest climate science makes clear that State,
national and global efforts to mitigate climate change must
be accelerated to fimit global warming to levels that do not
endanger basic fife-support systems and human well-being.
Success in mitigation will keep climate change within the
bounds that allow ecosystems and society to adapt without
major disruptions. Further advances in integrated climate
change science can inform California’s and the world’s climate
choices and help ensure a resifient future.
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and distance from the ocean.
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Senator INHOFE. Thank you, Madam Chairman.

Let me, first of all, ask unanimous consent to place into the
record an article that completely discredits the Perkins Institute
article that was referred to. It is from the New York Times, enti-
tled Number of Green Jobs Fails to Live up to Promises. Part of
the record, please.

Senator BOXER. It was the Brookings Institute, not the Perkins
Institute, but I will put it into the record.

[The referenced information was not received at time of print.]

Senator INHOFE. The second thing I want to do, I think everyone
on the other side of the aisle referred to Richard Muller, and I
think it is important that we realize that perhaps he has been
somewhat discredited. Roger Pelkey, Sr., said it certainly appears
that Richard Muller is an attention getter which he has succeeded
at, unfortunately he has demonstrated a remarkable lack of knowl-
edge concerning the uncertainties in qualifying the actual long-
term surface temperature trend, as well as a serious incomplete
knowledge of the climate facts. The bigger issue is how the New
York Times let itself be conned into running Muller’s op-ed.

Second, the one who is the darling of everybody to the left of me
right now, Michael Mann, he said it seems in the end quite sadly
that it is all really about Richard Muller’s self-aggrandizement.

Senator BOXER. We will put that into the record.

Senator INHOFE. Very good, very good.

Now, let me just briefly, because there is not going to be enough
time to get to everything I would like to, but as I mentioned early
in my opening statement there is a confidence problem, crisis, in
the U.N. IPCC. A lot of people are not even using that anymore.

Yet it is important because, if you remember, as the Obama ad-
ministration said, the IPCC is the gold standard. So, we need to
recognize what has happened, and I would only ask, I think every-
one on this panel has said some things that it needs reform, and
a lot of reform efforts have taken place.

In my opening statement, we talk about the discrediting of the
IPCC which I have been talking about, quite frankly, for 10 years.
So I would ask you, Dr. Christy, do you think now that the changes
that you are have seen, that are in the process of being made, are
going to clean up the credibility of the IPCC?

Mr. CHRrISTY. Well, I have not seen the 2013 report yet. But I do
not suspect much will change. When you collect a bunch of people
who have the same, pretty much the same view, about climate
change and exclude those who have different views, you will get
the answer you want.

Senator INHOFE. Yes. And I think you have probably looked on
my Web site and some of the talks that I have made on the floor
where we have actually had scientists calling in and saying how
they were rejected from the process because of their views. So, I
think it has been biased all along from the very beginning.

A lot of people believe that today’s hearing is an effort to cap-
italize on the recent weather events of the summer in an attempt
to reignite the global warming hysteria. And I would note that
when I—put the igloo up. Now, to the right of the igloo is a beau-
tiful family. Those are six of my—I have 20 kids and grandkids,
those are six of them. They were up here stranded in Washington



195

a couple of years ago because of extreme weather, and all of the
airports were closed.

But at that time I never said or implied anything, just because
it was a very cold winter, that that had anything to do with dis-
crediting global warming. And so, I think it is important that if one
scientist who was interviewed in response to the igloo my family
built called attempts to link single weather events to longer term
climate patterns complete, ignorant nonsense. Nevertheless, there
have been those on the outside who have tried to say this is the
pattern.

I do not think that there is, I have said this on the Senate floor,
I believe I would say to my good friend, Senator Sanders, that one
area where all scientists should agree, that one pattern, or a clus-
ter pattern, is not indicative of anthropogenic gas, global warming.
And I believe that to be true.

So, Dr. Christy, do you have anything to say about this? Because
this is what is going on right now. As a matter of fact, in an inter-
view in my State of Oklahoma, they are saying, we are having very
hot weather. My wife even called in a comment on that when I was
on the floor with Senator Sanders. So I would like to have you kind
of explain what your feeling is concerning weather versus climate.

Mr. CHRISTY. I think the clearest way to answer that is to look
at a lot of stations and see when their record highs occur. And if
you look again at my written testimony, Figure 1.3, it is very clear
that our record extreme high temperatures are not increasing, that
decades in the past had many more when the stations are consist-
ently used. Not just stations with 30 years of record, stations with
100 years of record that picked up those heat waves of the 1920s
and 1930s.

Senator INHOFE. Well, let me just ask you another question. On
the floor of the Senate on Monday I was doing this, and I have
done it so much I can do it from memory, but going through the
last hundred or so years, from 1895 to 1925 we had a period of
about 30 years where it was— people were saying another ice age
is coming; we are all going to die. And that when hysteria set in.

Then from 1925 to 1945 we went through a warming period, and
that is when the phrase global warming was actually coined, at
that time. Then from 1945 to 1975 we went into another ice age,
so-called. That is when the National Academy of Sciences said.
hNo, you went an extra minute and a half so I am doing the same
thing.

Senator BOXER. I know, you are asking a question

Senator INHOFE. I am asking a question. I will get an answer in
a minute.

And the interesting thing about all of these things, of going
through this, is that no one disagrees with the fact that the great-
est surge in the release of CO2 occurred after World War II, around
1945. Why did that precipitate a 30-year ice age as opposed to a
warming period?

Mr. CHrisTY. Well, about that I will say this. Our ignorance of
the climate system is enormous. And I think you all need to under-
stand that.

Senator INHOFE. Thank you very much.

Mr. CHRISTY. We cannot predict much at all.
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Senator INHOFE. Thank you, Madam Chair.

Senator BOXER. I just want you to know I do remember when you
did that, and you invited Al Gore to come and live in that house.

Senator INHOFE. It actually slept four people.

Senator BOXER. I remember it very clearly because the headline
the next day, ABC News, was Inhofe Uses Blizzard to Refute Glob-
al Warming.

[Laughter.]

Senator BOXER. February 11, 2010. But that was a headline. And
I think it is important for us to realize that it is absolutely true,
it is not the weather; it is the climate.

Senator INHOFE. I do not think anyone at this table is going to
have a problem with a headline that some biased reporter might
use.

Senator SANDERS. Madam Chairman.

Senator BOXER. Just a moment. OK? Just relax, Senator.

Senator SANDERS. I am relaxed.

Senator BOXER. Well, you are not. You keep telling me this one,
that one. We will continue this in a civil way, and we will not de-
scend into saying one thing and then have the facts disprove it, be-
cause you have to make a point if the facts disprove what you say.

Senator SANDERS. Thank you.

I wanted to, because I believe that my good friend, and he is a
good friend, and he is honest and he is sincere, Jim Inhofe, is in
a sense the ideological leader of the Republicans on this issue, I am
going to do my best to quote Senator Inhofe on his views of this
issue. And Jim, if I am misquoting you, I want you to tell me. I
am going to do my best to get you as accurate as I can, and I want
the members of the panel to tell me whether Senator Inhofe is
right or whether or not the scientific community disagrees with
him.

Now, Senator Inhofe has said repeatedly, recently just the other
day on the floor of the Senate and in his book, which I am reading,
I am reading it, he gave it to me very kindly, and I am going to
read every word of it, he said that in his view global warming is
the greatest hoax ever perpetrated on the American people.

Now, my understanding is that NOAA says that global average
surface temperatures have increased 1.3 degrees Fahrenheit since
1900. NASA says the global average surface temperatures of this
planet have increased by 1.5 degrees Fahrenheit since 1880. Dr.
Richard Muller recently wrote an article in which he said that the
planet has warmed 2.5 degrees Fahrenheit over the last 250 years.

So either NASA, NOAA and many other scientists are correct in
stating that the planet is warming, or perhaps Senator Inhofe is
correct that global warming is a hoax.

Senator INHOFE. Just for a moment here. Stop the clock because
I do not want to use

Senator BOXER. Whoa, whoa, whoa, whoa.

Senator INHOFE. Well, he asked me the question, Madam Chair-
man.

Senator BOXER. Would you like the Senator to yield for a ques-
tion?

Senator INHOFE. Yes.
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Senator SANDERS. I would ask unanimous consent, I am going to
yield. But I ask that it not be taken out of my time.

Senator BOXER. Absolutely.

Senator INHOFE. The original statement was that the notion that
anthropogenic gases are causing catastrophic global warming is the
greatest hoax ever perpetrated on the American people.

Senator SANDERS. OK.

Senator INHOFE. So, it was, that is a little addition to the defini-
tion.

Senator SANDERS. OK, thank you.

OK, so here is my question, very briefly because we do not have
a lot of time, to the three scientists in front of us. Is the scientific
community correct in believing that global warming is real? Or is
Senator Inhofe correct in believing that global warming is a hoax?

Dr. Field.

Mr. FiELD. The scientific community is as close to unified as it
is on anything ever in that global warming is unequivocal.

. Segator SANDERS. Dr. Christy, is global warming real or is it a
oax’

Mr. CHRISTY. In the political context in which that was stated,
I think I understand that it is overstated as a political issue.

Senator SANDERS. Is global warming real or is it a hoax?

Mr. CHRISTY. The world has warmed in the past 120 years.

Senator SANDERS. Pardon me?

Mr. CHRISTY. The world has warmed in the past 120 years.

Senator SANDERS. It has warmed in the last 120 years?

Mr. CHRISTY. Yes.

Senator SANDERS. So, those of us who believe in global warming,
are we perpetrating a hoax?

Mr. CHRISTY. I think the question is how much is due to human
effects, and can you do anything about it. That is the question.

Senator SANDERS. OK.

Dr. McCarthy, is global warming a hoax?

Mr. McCARTHY. It is unequivocal the earth is warming, and I
think the evidence that humans are contributing to it is also un-
equivocal.

Senator SANDERS. OK, next question. And again, I do not want
to misquote my good friend. I would never do that. Senator Inhofe,
he is very sincere about this. But we cannot have a debate unless
we are being honest with each other.

Senator Inhofe said to NBC News in an interview in July 2010,
“We are in a cycle now that all the scientists agree is going into
a cooling period.” Then, on the Senate floor on July 11th, Senator
Inhofe said, “We went into a warming period that went up to the
turn of the century. Now it is actually going down into a cooling
period again.”

I believe Senator Inhofe just referred a few moments ago to a re-
cent period where we were going into an ice age. Question to the
members of the panel. Senator Inhofe has suggested that we are
in a cooling period since the year 2001. Others have testified that
we are seeing a significant increase in temperature. Is Senator
Inhofe right that we are in a cooling period over the last 10 or 11
years?

Dr. Field.
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Mr. FIELD. There is no indication of any change in the rate of
warming of the earth system over the last 10 years.

Senator SANDERS. Are we getting warmer, or are we going into
a cooling period?

Mr. FiELD. Dr. McCarthy shared the conclusive evidence about
the increased heat that is being accumulated in the oceans.

Senator SANDERS. OK.

Dr. Christy.

Mr. CHRISTY. It depends on what year you start and what year
you end, but basically:

Senator SANDERS. Since 2001.

Mr. CHRISTY. That has been pretty flat in terms of temperature.

Senator SANDERS. You do not—OK.

Dr. McCarthy.

Mr. McCARTHY. This last decade is the warmest on record. And
if you look at the ocean cycles, particularly El Nifio, you can under-
stand that indeed this decade is also warming at about the same
rate as earlier decades.

Senator SANDERS. Dr. Christy, you disagree with Dr. McCarthy?

Mr. CHRISTY. Oh, yes. In fact, I showed it in the chart.

Senator SANDERS. OK, thank you.

All right, next question. Getting back to the point that Senator
Inhofe just made——

Senator INHOFE. Could I just interrupt and ask you a question
at this point?

Senator SANDERS. Could you let me—I would appreciate it if you
would let me ask my questions, then I would be happy to take any
questions

Senator BoxeERr. Well, if I could just say, we still have colleagues
that have questions. We are not going to have any more interrup-
tions.

Senator SANDERS. OK. Senator Inhofe says global warming is the
greatest hoax ever perpetrated on the American people, and he had
some ideas about who the perpetrators are. In an interview with
this book, about his recent book, which was done with Craig Ban-
nister, this is what he says.

Mr. Bannister says, now why do you call the global warming
hoax a conspiracy? Senator Inhofe says, well, it is a hoax and a
conspiracy, Craig, because they try to make it appear that we are
all going to die if we do not line up and do what they want, what
they tell us to do, in terms of anthropogenic gases, when in fact you
have a bunch of people, you have the Al Gores, the George Soros,
the MoveOn.org, the whole Hollywood elite group and all of them
trying to run everyone else’s lives.

And this is what their motivation is. To make people, for the
kids, for example, make little kids and school kids believe that the
world is coming to an end, and it is all man’s fault, and it is all
Ehe fault primarily of the wealthier nations, and this is part of the

0ax.

Question: Do you believe that global warming is a hoax being
pushed by the United Nations, Al Gore, George Soros, the whole
Hollywood elite and MoveOn.org?

Dr. Field.

Mr. FIELD. Global warming is certainly not a hoax.
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Senator SANDERS. Dr. Christy.

Mr. CHRrISTY. That question, I do not know how to answer. I
would just say the global warming issue is highly overblown from
what you look at real, hard core

Senator SANDERS. Do you think the U.N. is engaging, and the
Hollywood elite and Al Gore and all of these guys are pushing——

Mr. CHRISTY. I am not going to go to the motives of these people.

Senator SANDERS. OK. Fine.

Dr. McCarthy.

Mr. McCARTHY. There is no hoax. There is no conspiracy.

Senator BoozZMAN. Madam Chair, point of order.

Senator BOXER. Thank you, Senator.

Senator BoozMAN. Madam Chair.

Senator BOXER. Yes.

Senator BOOZMAN. I was under the impression that if a member
in questioning mentions another member’s name that he does have
the right to respond. Is that correct or not?

Senator BOXER. Well, we do not have any such stated rules. But
as you know, I did allow a couple of interruptions here. And if Sen-
ator Inhofe wants to take another round, we can all have another
round.

Senator BOOZMAN. But I do think that is fair, I mean, in the
sense that——

Senator BOXER. I will call on Senator Inhofe, but I would like to
say we do not have any rules. We try to do this in a collegial way.

Senator Inhofe, I will give you 2 minutes.

Senator INHOFE. I do not need 2 minutes. I would only say this.
The key to the question which was corrected by Senator Sanders
is that anthropogenic gases is causing this. I would hope that when
you get to the chapter on the United Nations that you read it very
carefully, and then you and I can visit about that.

I ask unanimous consent that we include in the record at this
point a statement that is by someone on your side of this issue, Jim
Lovelock, who made the statement that the world has not warmed
up very much in the millennium, 12 years is a reasonable time.
And he goes on to say yes, it has leveled off now. So, there are
other scientific opinions which are expressed in this document.

[The referenced information was not received at time of print.]

Senator BOXER. Thank you. Thank you very much. We are going
to try to get through this a little bit faster here if we can. So we
are going to turn now to Senator Sessions.

Senator SESSIONS. Let us go over this chart because we have a
desperate, an aggressive, let me say, attempt to take weather dif-
ficulties and extreme events to paint a picture of climate change oc-
curring in an unprecedented degree.

Dr. Christy, if we are having extreme weather events, it would
seem to me that record lows and record highs would indicate that.
Is that correct? One of the implications?

Mr. CHRISTY. Yes. If someone claims that, it is a claim that can
be tested. I have heard the claim.

Senator SESSIONS. Now, this chart that indicates clearly, if you
can see it, the blue represents record low temperatures; the red
represents record high temperatures since the 1890s. And you have
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taken—you have looked at stations that have been in existence for
at least 80 years. Is that correct?

Mr. CHRISTY. Yes.

Senator SESSIONS. Is it not true that if you take a station that
has been in existence for 25 years you could have a high but it
would be only within that, at that station, over a 25-year period?

Mr. CHrisTY. That was the fallacy of all of these reports this
year, that they used stations with only 30, 35, 40 years of data that
did not include the 1930s and 1920s. And so you had all of these
record highs.

Senator SESSIONS. So, in the 1930s, we did not have nearly as
much CO; in the atmosphere as we have today?

Mr. CHRISTY. That is right.

Senator SESSIONS. Would you just explain to me, this is rather
dramatic, since 1960 through today according to your data which
takes NOAA’s temperature records State by State, every single dec-
ade, this is not 1 year but every decade, there have been more cold
lows than there have been warm highs. Is that correct?

Mr. CHRISTY. That is not consistent with what someone would
want if warming were to occur. But as I say, and we talked earlier,
extremes are pretty poor metric to use to claim something about
climate change.

Senator SESSIONS. I would just want to say that that is a cause
of concern as we as policymakers are asked to invest trillions of
dollars of taxpayers’ money. We need to consider whether or not
this event is actually occurring and whether we just have more TV
and weather channels that give more attention to these storms. We
see the forest fires on the television. It does not mean we did not
have forest fires previously. A forest fire is no proof of global warm-
ing. Give me a break.

But this is more troubling. Senator Inhofe has been attacked
here. He said years ago—as a lone voice, frankly, I remember him
speaking out—that he had doubts about these projections. And you
expressed doubts about these projections—climate computer mod-
els—in your testimony before the Committee when I was on it
years ago.

Would you explain what is happening in that chart and why that
is an important chart?

Mr. CHriSTY. OK, this is about as simple as you can get. The
black line is the average of the 34 latest IPCC climate models. The
blue and red lines are two independent satellite temperature data
sets. So, we are comparing apples to apples by starting in the same
period and going forward in time. And you see that the tempera-
tures have leveled off in the past 12 or 13 years when you look at
this average, significantly different from what models say.

Senator SESSIONS. So the policy we have been asked to set over
the last 15 years in the Congress have been based on the computer
models, I would say. I mean, we have been told by the IPCC and
other climate experts that these computers were predicting a dra-
matic increase in temperature. I would just say that the dramatic
increase in temperature has not occurred, it seems to me, and I be-
lieve it calls on us all to be a bit cautious.

Can CO; increase temperature? I would think there is some logic
to that theory. It could be a blanketing greenhouse gas. But how
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much can we hammer working Americans with extreme electric
bills and other costs for gasoline to try to confront the issue? This
is a question that all of us have to wrestle with. And I believe Dr.
Christy’s testimony is accurate. I believe Senator Inhofe, whose
skepticism has been courageously stated for a long time, has been
proven more accurate than a lot of the scientists who have pro-
duced these models to date.

Thank you.

Senator BOXER. I will call on Senator Cardin.

He is not here, so I will call on Senator Lautenberg.

Senator LAUTENBERG. Thanks, Madam Chairman.

We are getting a semantic debate going here, as well as a review
of science. And I wonder, there is quite a difference between a pro-
jection and a hoax. Projection is done in honest form by reading
from whatever instruments or data one receives. But a hoax is a
produced action to deceive people. None of you teach English but
I know that you speak it very well.

And so what happened around here is there has been an attempt
to discredit science, and it goes on continually to try and make a
case for disbelieving what is in front of you.

Dr. McCarthy, in 2009 a hacker stole a number of e-mails from
the climate change scientists. Conservatives, Republican news
media have seized upon these e-mails to attack efforts to address
climate change. Are you aware that anything was uncovered in
those e-mails that undermined the scientific consensus on climate
change?

Mr. McCARTHY. Thank you, Senator. Indeed, there was a lot of
press as you described, and it prompted a number of investigations.
There were investigations conducted by Parliament in the U.K.
since that is where the server was based, and that is where the
theft presumably occurred.

There were investigations conducted by our National Science
Foundation in this country because the National Science Founda-
tion supported much of this work, through investigations conducted
by all the universities in which the scientists who were involved in
these exchanges of e-mail resigned. And none of those investiga-
tions found that there was any reason to question the science that
was in play and discussed in these various matters.

There were questions about access to the data, the scientists
were being harassed by people wanting their data, wanting their
code, and there were questions about some really lousy papers that
had been published and through the peer review process would not
have to be dealt with in a very, very protracted way. But the
science stands unaffected by any of the investigations. No fault was
found. The scientists were guilty of bad manners.

Senator LAUTENBERG. Thank you.

Dr. Christy, your research on satellite temperature has often
been used to challenge the reliability of climate change models.
However, your research was shown to be wrong. Specifically, you
failed to make the right adjustments for satellite orbit and other
factors when analyzing the temperature data.

Once those errors were corrected, the satellite data confirmed the
warming trend. Did your personal views regarding climate change
affect your views of the research?
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Mr. CHRISTY. No. First of all, I disagree with his view of
Climategate, but we will go on to your question. Science is the
process of getting to the best answer through time. Our data set
changed by less than the error margin we had published already.
And so even today our data set has a more warming trend than
one of the other satellite data sets. So, that did not change because
the errors were relatively small.

Senator LAUTENBERG. Relatively small. Well, they seemed to
raise quite a degree of doubt in the scientific community that your
analysis that the changes were relatively small; I do not think it
is the popular view. So, you are entitled to your own bias, if you
will.

Dr. McCarthy, you do a lot with the ocean, obviously, and its
ability to encapsulate the information of change that we are seeing.
What has happened up in the Arctic and the Antarctic? And has
there been any effect of climate change in these regions?

Mr. McCARTHY. The Arctic has changed profoundly. I show
graphs in my written testimony of the loss of sea ice in the Arctic.
The data is only really precise since 1980, but we are setting new
records already in June and July of this year for a low sea ice ex-
tent in the Arctic.

Also, you would expect this warming to affect ice on Greenland,
and it certainly is, not only by warming the atmosphere but also
warming of the ocean. The Petermann Glacier slide that Senator
Boxer showed, this is a tidewater glacier. The glacial tongue sticks
out into the ocean. And these are the glaciers that are retreating
most rapidly because the ocean is warming.

So, yes, Greenland and Antarctica are both losing ice. The warm-
ing ocean is eating away at the tidewater glaciers so they are re-
treating very quickly, and sea ice is being lost in the central Arctic
because of a warmer atmosphere.

Senator LAUTENBERG. In a trip that I made with some of my col-
leagues here to Greenland, and ultimately I went down to the
South Pole, and species mammals had radical changes in their pop-
ulation over this period of time. And they are ocean dependent. Are
those real changes or are we imagining these?

Mr. McCARTHY. The first slide I showed had 10 physical indica-
tors. We could have a whole other chart that showed biological in-
dicators. On every planet right now, every planet, excuse me, every
continent on this planet, we have one planet, unfortunately, only
one, every continent on this planet you are seeing changes in the
distribution of organisms which are indicative of a change in cli-
mate. And the direction they are changing, whether it is their
range or their time of migration or flowering, are consistent with
the local changes which in many cases are warmer, wetter, or
drier. And we are seeing similar trends in the ocean.

Senator LAUTENBERG. Madam Chairman, I did not mean to run
over, but I thought since the disputation that was going on here
took some time that I would have some license to do it.

Senator BOXER. You have your license, Senator.

Senator LAUTENBERG. One license more, and that is, how come
the things we are seeing are not really there? This is the mystery
that we are facing here.

Thank you very much.
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Senator BOXER. Yes. That is interesting.

[Laugher.]

Senator BOXER. Senator Boozman, you have the last questions.

Senator BoozMAN. Thank you, Madam Chair.

Again, Senator Lautenberg suggested that what we are seeing is
not really there. As scientists, you do not really think in those
terms, do you? In the sense of trying to correlate what is going on
this summer with a pattern? Is that correct?

Senator BOXER. Who are you asking it to?

Senator BOOZMAN. Just whoever wants to jump in.

Mr. FIELD. The scientific method is a spectacularly powerful tool
for extracting inference, and on top of that the process of doing
these assessments is a wonderful way to sort through all of the
published literature. What we do is make observations, interpret,
sort through, and present through the peer view process.

Senator BOOZMAN. I guess my point is that is a lot hotter in Ar-
kansas this summer than it was last summer. Many centuries ago
it was a lot colder, during the ice age, whatever caused that, than
it is now. I guess what I am saying is that it is dangerous to really
infer, and you can correct me from just what is going on this sum-
mer as compared to the whole deal.

One thing that bothers me a little bit is that there is really a
tendency, I am hearing, and we are not going to be able to decide
whether exactly what is going on today or who is causing it or this
or that, but I am bothered when I hear scientists say it is this way
or that way. OK? In the sense that we can recount throughout his-
tory, and throughout recent history, all kinds of times when the
scientific community was completely in agreement that this or that
was that way and it was not that way. So, I do think as scientists
we really do need to continually, the statements, it is this way or
that way, are not really helpful.

When I was in high school I was told that we would be out of
our natural gas in 20 years. We have got more natural gas now
than ever. OK? Y2K. I am sure that all of you adjusted your com-
puters, and the scientific community agreed completely that if we
did not adjust our computers at the time it was true that we going
to have all of this stuff gone. But the reality is no computer any
place caused any problem.

So I do think that as we discuss these things, it is dangerous,
it is this way, period. And I am really hearing some of that from
some of you all.

My question is, the dilemma that we have is if this is manmade,
how do we respond to that? In Arkansas, electricity would rise by,
if we went to cap and trade, which was suggested by some here,
electricity would rise $1,358 a year and $1.27 per gallon increase
in gasoline prices. The question is, what does that do to our single
moms? What does it do to our people on fixed incomes? What does
it do to our economy?

And so what we are grasping with, and you all can be helpful,
even if it were true, that we are in a global warming situation be-
cause of CO,, what could possibly be done that would counter that
in a sense especially with China, India, places like that not going
along with it, which they have said they will not.

Yes, sir.
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Mr. CHRISTY. I would just say on the other side of that is, would
that have any effect on the climate anyway?

Senator BOOZMAN. Yes, that is my point.

Mr. CHRISTY. The answer is no, that is so minuscule as to be so
undetectable and unpredictable and unattributable.

Senator BoOZMAN. And have you two, go ahead, sir, have you
done any research that says if we do this or that that this or that
is going to happen, and it is worth the $1,300 a year and $1.27 in
gasoline——

Senator SANDERS. Would the gentleman yield? And contribute
time to him. Just for one question. Where do you get that, where
do those numbers come from? Those are not numbers that I am fa-
miliar with nor do I agree with.

Senator BOOZMAN. It is a study from David Kreutzer, Ph.D., Sen-
ior Policy Analyst in Energy, Economics and Climate Change, and
Karen Campbell, Ph.D., William W. Beach, Director of the Center
for Data Analysis Energy and Environment and Nicolas Loris.

Senator SANDERS. You have one study then, Senator, that says
that other studies would disagree?

Senator BoozMAN. But I have no reason to, I think everyone dur-
ing the discussion of cap and trade, energy trade would go up sig-
nificantly and that was the mechanism of controlling the use of en-
ergy.

Senator INHOFE. And that is what the President said.

[The referenced information follows:]
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Heritage Analysis of Waxman—Markey
Hits Where Others Miss

David W. Kreutzer, Ph.D.

On June 26, the House of Representatives nar-
rowly passed climate change legislation designed by
Henry Waxman (D-CA) and Edward Markey (D-
MA). The 1,427-page bill would restrict greenhouse
gas emissions from industry, mainly carbon dioxide
from the combustion of coal, oil, and natural gas.

If passed by the Senate, the bill would burden
families with thousands of dollars per year in
direct and indirect energy costs. Additional
thousands of dollars of income would be lost,
and the national debt would jump by tens of
thousands of dollars per family. Job losses due to
Waxman-Markey's energy restrictions would be
in the millions.

How Cap and Trade Works. Waxman-Markey
is an energy tax of historic proportions. Called “cap
and trade” by its supporters, the bill would timit
man-made greenhouse gas emissions by instituting
a declining cap on allowable emissions. Electricity
producers, petroleum refiners, and natural gas dis-
tributors would have to obtain permits, called
“allowances,” from the federal government for every
ton of CO; emissions they produce.

Since the government issues fewer allowances in
each subsequent year, the allowance price has to rise
to meet demand. That is, the cost of an allowance is
a tax, and the tax rises each year. As with any tax, it
will ultimately be passed on to consumers in the
form of higher energy and product prices. The total
value of the allowances (the tax revenue) would be
hundreds of billions of dollars per year and will
have an aggregate value of $5.7 wrillion by 2035.

This makes Waxman-Markey one of the largest new
taxes in history, if not the largest.

In particular, the Heritage analysis projects that
by 2035 the economic impacts (in constant 2009
dollars) of this bill are:*

* Gasoline prices will rise 58 percent (or $1.38);
* Natural gas prices will rise 55 percent;
* Heating oil prices will rise 56 percent;

Electricity prices will rise 90 percent;

A family of four can expect its per-year energy
costs to rise by $1,241;

Including taxes, a family of four will pay an addi-
tional $4,609 per year;

A family of four will reduce its consumption of
goods and services by up to $3,000 per year, as
its income and savings fall;

Aggregate GDP losses will be $9.4 trillion;

* Aggregate cap-and-trade energy taxes will be
$5.7 trillion;

.

¢ Job losses will be nearly 2.5 million; and

¢ The national debt will rise an additional $12,803
per person ($51,212 per family of four).

@lef itage “Foundation,
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(All of these price and cost increases are above
and beyond those expected to occur without the
legislation.)

As President Obama said about his cap-and-
trade program during the presidential election cam-
paign, “electricity prices would necessarily sky-
rocket.” The same applies to many other products
as the Waxman-Markey energy tax spreads through
the economy as businesses and consumers adapt to
higher energy prices.

People would spend more for less energy; build
smaller houses and buildings; drive smaller, less
safe vehicles; turn their thermostats up in the sum-
mer and down in the winter; and divert income to
more expensive energy-saving appliances. But sav-
ings from these activities and more would not be
enough to offset the higher energy costs. The net
effect is lower income, higher prices, and fewer
jobs.

What Makes the Heritage Study Different. An
oft-cited study from the Congressional Budget
Office (CBO) claims that the cost of Waxman—Mat-
key would be less than $200 per year per family, or
“a postage stamp per day.” However, the CBO report
does not even attempt to measure the impact on
national income-—an impact estimated to be in the
thousands.

Another frequently cited study comes from the
Environmental Protection Agency (EPA).> The EPA
makes some very questionable assumptions about
how CO, caps would be met, especially concerning
the growth of nuclear power and the ability to
forego industrial CO, cuts by paying farmers to
grow trees and foreigners to cut their CO, emissions

(known as offsets). The magnitude of offsets in the
EPAs latest report is much larger than in their pre-
liminary analysis of Waxman-Markey.

But the factor least understood is the EPAs use of
discounting, a financial tool for comparing costs
and benefits that occur at different times. Discount-
ing is a legitimate tool for cost-benefit analysis, but
it can give a distorted picture of the magnitude of
costs for the period in which they occur.

For instance, the EPA projects that the real cost
(adjusted for inflation) to a household of 2.6 people
will be $1,287 lost consumption in 2050. However,
after discounting, this figure is reduced to $140.
Here, discounting tells us that $140 invested at a
riskless 5 percent per year will be worth $1,287 in
41 years. It in no way says that 41 years from now
the lost consumption will be $140.

Since consumption comes after taxes and sav-
ings, the $1,287 is much less than the lost income
in the first place. So the EPA cost, with all of its
questionable assumptions, is over $2,700 in 2050
when converted to lost income for a family of
four—even after adjusting for inflation.

In short, the EPA and the CBO studies are not com-
prehensive measures of the economic impact of Wax-
man-Markey in simple, inflation-adjusted dollars.

In contrast, analyses by The Heritage Foundation
and the Brookings Institution—two organizations
often portrayed as ideological opposites—study the
overall impact of Waxman-Markey on the economy,
including the effects of higher production costs and
lower economic output. These studies show that
Waxman-Markey would lead to significant eco-
nomic losses——on the order of thousands of dollars

See David W. Kreutzer, Karen A. Campbell, William W. Beach, Ben Lieberman, and Nicolas D. Loris, “The Economic
Consequences of Waxman-Markey: An Analysis of the American Clean Energy and Security Act of 2009,” Heritage
Foundation Center for Data Analysis Report No. 09-04, August 6, 2009, at http://www.heritage.org/Research/
EnergyandEnvironment/cda09-04.cfm. For analysis of other cap-and-trade legislation, see William W. Beach, David W.
Kreutzer, Ben Lieberman, and Nicolas D. Loris, “The Economic Costs of the Lieberman-Warner Climate Change
Legislation,” Heritage Foundation Center for Data Analysis Report No. 08-02, May 12, 2008, at hitp:/fwww.heritage.org/
Research/EnergyandEnvironment/cda08-02.¢fm.

. As quoted in Paul Chesser, “Obama’s Plan ‘Necessarily’ Skyrockets Energy Bills,” Washington Examiner, May 1, 2009, at
http:/fwww washingtonexaminer.com/opinion/columns/OpEd-Contributor/Obamas-plan-necessarily-skyrockets-energy-bills-
44124402 html (August 5, 2009).

Environmental Protection Agency, “EPA Analysis of the American Clean Energy and Security Act of 2009 H.R. 2454 in the
111th Congress,” June 23, 2009, at hitp://www.epa.gov/climatechange/economics/pdfs/HR2454_Analysis.pdf (July 25, 2009),
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per family per year. Analysis done by CRA Interna-
tional for the National Black Chamber of Commerce
comes to a similar conclusion.

Taxing and Spending. The Heritage Foundation
analysis exposes Waxman—Markey as a new tax of a
historic magnitude. As could be expected, such a
large revenue stream has attracted an army of lobby-
ists seeking a share. (The Center for Public In[egsrity
estimates that over 2,300 lobbyists are involved.”)

Congress has obliged—and then some. For the
first 15 years (2012-2026) of the Waxman-Markey
regime, over 88 percent of the revenue is given to
various special interest groups. In fact, more than
100 percent has been promised for the years 2016
and 2017.° So this historic tax increase has been
matched by a historic spending spree.

Another Burden on Future Generations. The
income losses, the job losses, the tax increases, and
the mounting debt all get worse over the coming
decades. The Waxman—Markey bill forces a bad
deal on a generation that does not have the option
to turn it down.

The $9.4 trillion of lost income, the 2.5 million
lost jobs, the $5.0 trillion of additional national
debt, and the $5.7 trillion in new taxes will buy no
more than a 0.2 degree (Celsius) moderation in
world temperature increases by 2100 and no more
than a 0.05 degree reduction by 2050.

—David W, Kreutzer, Ph.D., is Senior Policy Ana-
lyst for Energy Economics and Climate Change in the
Center for Data Analysis at The Heritage Foundation.

4. Congressional Budget Office, “The Estimated Costs to Households from the Cap-and-Trade Provisions of H.R. 2454," June

19, 2009, at http://www.cho.goviftpdocs/103xx/doc10327/06-19-CapAndTradeCosts.pdf (July 25, 2009); David Montgomery et
al., “Impact on the Economy of the American Clean Energy and Security Act of 2009 (H.R.2454),” CRA International, May
2009, at http://www nationalbcc.org/images/stories/documents/CRA_Waxman-Markey_%205-20-09_v8.pdf (July 25, 2009);
Warwick McKibbin, Pete Wilcoxen, and Adele Morris, “Consequences of Cap and Trade,” Brookings Institution, June 8,
2009, at hitp://www.brookings. edu/~/media/Files/events/2009/0608_climate_change_economy/

20090608 _climate_change_economy.pdf (July 25, 2009).

Center for Public Integrity, “Latest Center Analysis Reveals Explosive Growth in the Climate Change Lobby,” February 25,
2009, at http:/fwww.publicintegrity.org/news/entry/1187/ {August 5, 2009).

Tim Carr, “Waxman-Markey Just Doesn't Add Up,” The Foundry, August 4, 2009, at http://blog heritage.org/2009/08/04/
waxman-markey-just-doesnt-add-up/.
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Impact of the Waxman—Markey
Climate Change Legislation on Arkansas

David W. Kreutzer, Ph.D., Karen A. Campbell, Ph.D.,
William W. Beach, Ben Lieberman, and Nicolas D. Loris

On June 26, a 1,427-page climate change bill
introduced by Representatives Henry Waxman
(D-CA) and Edward Markey (D-MA) passed the
House by a narrow margin. The bill, also known
as Waxman-Markey, includes a number of alarming
provisions, chief among them a cap-and-trade pro-
gram that would attempt to curb global warming
by imposing strict upper limits on the emission of
six greenhouse gases, with the primary emphasis on
carbon dioxide (CO,). The mechanism for capping
these emissions requires emitters to acquire feder-
ally created permits (or “allowances”) for each ton
of greenhouse gas emitted.

Because these allowances carry a price—and
because 85 percent of the United States’ energy
needs come from carbon-emitting fossil fuels—
Waxman-Markey is best described as a significant
w@x on energy use. Since everything Americans
use and produce requires energy, the tax hits US.
pockethooks again and again. The Heritage Foun-
dation’s Center for Data Analysis forecasts severe
consequences, including skyrocketing energy costs,
millions of jobs lost, and falling household income
and economic activity—all for negligible changes in
the global temperature.!

Workers and families in Arkansas may be wonder-
ing how cap-and-trade legislation would affect their
income, their jobs, and the cost of energy. Imple-
menting Waxman—Markey would put a chokehold
on Arkansass economic potential, reducing gross
state product by $3.67 billion in 2035.

L\l
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The Waxman—Markey Effect

For the state of Arkansas, over the
20122035 timeframe, on average
the Waxman-Markey bill would:

» Lower gross state product by $2,182 million,

* Reduce personal income by $868 million,

* Destroy 10,807 jobs,

* Raise electricity prices by $700.85 per household,
* Raise gasoline prices by $0.61 per gallon.

Source: Meritage Foundation calculations based on the IHS/Global
Insight U.S. Macroeconomic and Energy models.

Table | »WM 2585-AR B heritage.org

Consumers would be hit hard. Between 2012
(when the restrictions first apply) and 2035 (the last
year of this analysis), the prices of electricity and
gasoline will rise sharply when compared to prices
in a world without cap and trade. By 2035, Ameri-
cans living in the state of Arkansas will see their
electricity prices rise by $1,358.72 and their gaso-
line prices rise by $1.27 per gallon solely because of
Waxman-Markey.

LEADERSHIF FOR AMERICA
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Economic Indicators in Arkansas
Changes in Arkansas’s economy due to the
‘Waxman-Markey climate change bill. Figures are
adjusted for inflation.
In Millions of Dollars :
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US. Macroeconomic model,
Chart 1 WM 2585-AR & heritage.org

Utility Costs in Arkansas

Costs for electricity and gasoline in Arkansas with
and without the Waxman-Markey climate change
bill. Figures are adjusted for inflation.

B Extra costs due to Waxman-Markey bill % Without bill

W2 2015 2020 ) 2025 2030
Source: Heritage Foundation calculations using the 1HS/Global Insight

U, Macroeconomic model,

Chart 2 « WM 2585-AR & heritage.org

As the economy adjusts to shrinking gross
domestic product {GDP) and rising energy prices,
employment will take a big hit in Arkansas. Begin-

ning in 2012, job losses will be 14,133 higher than

without a cap-and-trade bill in place. And the num-
ber of jobs lost will only go up, increasing to 25,594

by 2035.

Contrary to the claims of an economic boost
from green investment and green job creation and
“postage stamp” costs, the Waxman-Markey cli-
mate change legislation does the complete appo-

a considerable reduction in the rate of economic
growth, the amount of GDP, household incomes,
and employment.

-—David W, Kreuizer, Ph.D., is Senior Policy Analyst

for Energy Economics and Climate Change, Karen A.
Campbell, Ph.D., is Policy Analyst in Macroeconom-

ics, William W, Beach is Director of the Center for Data

site by increasing energy prices—thereby causing

Anglysis, Ben Lieberman is Senior Policy Analyst in
Energy and the Environment, and Nicolas D. Loris is
a Research Assistant in the Thomas A. Roe Institute for
Economic Policy Studies at The Heritage Foundation.

1. Chip Knappenberger, “Climate Impacts of Waxman-Markey (the IPCC-Based Arithmetic of No Gain),” MasterResource,
May 6, 2009, at hitp://masterresource.org/?p=2355 (August 3, 2009).
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Discounting and Climate Change Economics:
Estimating the Cost of Cap and Trade

David W. Kreutzer, Ph.D.

The Environmental Protection Agency (EPA) re-
cently released its preliminary analysis of the Boxer—
Kerry cap-and-trade bill. It largely reheats their analy-
sis of the Waxman-Markey bill from last summer.

Proponents of both bills often claim the EPA
analyses pegs the cost per household at a postage
stamp per day. However, the reality is that the costs
of both bills are far from wrivial.

The Real Cost of a Car. The EPA lists the cost of
the Waxman—Markey energy tax for the year 2050 at
just $174 per household. Summed over all house-
holds, this figure still adds up to tens of billions of
dollars per year, but it is relatively small in a world of
trillion-dollar proposals. The problem is that that
amount is not what the actual cost would be.

If inflation over the next 40 years equals that of
the past 40, the EPA analysis would project that
Waxman-Markey would cut consumption by
$7,465 per household per year in 2050. The impact
for Boxer—Kerry would be similar.

How, then, does the EPA transform $7,485 into
$174? It adjusts for inflation and then takes the dis-
counted present value. It is this second step that can
be misleading.

To help sort this out, imagine that a time machine
takes analysts back to 1969—a time when the aver-
age price of a new car was about $3,500. Once back
in 1969, the exercise is to explain to Congress how
much a new car will cost 40 years later in 2009.

Having already lived to see 2009, we know the
average price for a new car is about $23,000. But

L\

telling the Congress of 1969 that in 40 years cars
will cost $23,000 would give an exaggerated notion
of the cost increase, because inflation alone will
have increased prices by a factor of 5.8. If inflation is
taken into account, the price of a new car in 2009 is
about $4,000 in 1969 dollars.

From 1969 to 2009, car prices increased, but so
did bread prices, housing prices, clothes prices,
wages, income, and nearly everything else. Since
money is the measuring stick for cost, this measur-
ing stick changes with inflation.

When people buy cars, the real cost is defined as
what they have to give up in order to afford the car:
clothes, food, dinners out, etc. Economists adjust
prices for different years to eliminate the impact of
inflation so that a price increase means a goods
price has risen relative to that of other goods.

A Steep Discount. In any event, it is not adjusting
for inflation that turns the EPAs $7,465 cost for 2050
into $174. Adjusting for inflation brings the annual
cost down quite a bit, but the hit is still $1,287 per
household, well above a postage stamp per day.

What, then, does the EPA do to turn $1,287 into
$174? They take the discounted present value using
a real discount (interest) rate of 5 percent.

%e%ga%
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Discounting is a legitimate tool in finance and for
cost-benefit calculations. But discounting can give a
much distorted view of costs, as is done by those
mistepresenting the EPA analysis.

The car example may help illustrate this prob-
lem. Taking the inflation-adjusted (1969 dollars)
$4,000 price of the average new car in 2009 and
discounting it in the EPA fashion would generate a
present value in 1969 of $562.% This is clearly much
less than the cost of an average car in 2009, even
after adjusting for inflation.

What then is this $5627 It is the amount when
invested for 40 years, at an interest rate guaranteed
to be 5 percent above inflation, that would buy the
$23,000 car. In other words, if a person in 1969
invested $562 at 9.72 percent interest (5 percent
above inflation), letting all of the interest compound
and paying no taxes, it would now amount to
$23,000, enough to buy a new car.

With similar logic, if every household in 2010
invests $174 at 5 percent above inflation (guaran-
teed and with no taxes), then in 2050 (assuming
inflation in the next four decades is the same as the
last four), it would amount to $7,465, or enough to
pay for one years worth of the consumption that
Waxman-Markey would have destroyed. Of course,
most of the households of 2050 do not exist in 2009.

In any event, the discounted value is not the
amount households will have to pay each year, even
with discounting. In the most generous case, the
present value is the amount that would have to be
paid for one year, right now, if the present value for
each of the 40 years were paid in one lump sum
right now—that s, if the cost for all 40 years were
paid at once. So no matter how it is sliced, there is
no sense in which a postage stamp per day reflects
the annual cost of the cap-and-trade legislation.

Just as the inflation-adjusted, undiscounted
$4,000 average price of a 2009 car would best
explain the future cost to people in 1969, the infla-
tion-adjusted, undiscounted $1,287 would be the
best measure of the EPAs projected per household
consumption loss due to Waxman~Markey for the

single year of 2050. But per-household consump-
tion loss may not be the best measure of cost.

Adding to the Cost. When income drops, peo-
ple prevent consumption from dropping by dipping
into savings. In turn, lower savings reduces the abil-
ity of families to cope with other shocks and reduces
their future income. Further, consumption comes
from after-tax dollars, so losses in tax revenue do
not show up in data on household consumption.
The real econornic cost is the loss of income.

Change in national income, as measured by gross
domestic product (GDP), is a better measure of the
overall economic impact of a policy. Since consump-
tion expenditures are about 31 percent less than GDP,
the lost income corresponding to the EPAs lost con-
sumption calculation would actually be $1,867.

Lastly, a household is not necessarily a family.
Three college students sharing an apartment are a
household according to government statistics, but in
reality they are part of three separate families. The
EPA uses the average household size of 2.6 for its
cost impact. Adjusting household size to a family-of-
four standard adds another 53 percent, bringing the
cost of cap and trade to $2,872 per family per year.

Very Expensive Postage. The EPA, with some
very generous assumptions (doubling nuclear power
output in 25 years, for example), projects that the
Waxman-Markey energy tax will have an impact of
$174 per household in 2050 in present discounted
value. However, even using the EPA results shows that
the inflation-adjusted impact per family of four would
be much higher at $2,872 per year in 2050. Those
are some very expensive postage stamps.

Again, though discounting is a useful tool for
some financial calculations and when properly
employed in cost-benefit analysis, it is not appropri-
ate for giving an accurate picture of future prices.
Saying cap and trade will cost a postage stamp per
day is equivalent to saying the average new car
today costs $562. 1t is clearly wrong.

—David W, Kreutzer, Ph.D., is Senior Policy Analyst
for Energy Economics and Climate Change in the Center
for Data Analysis at The Heritage Foundation.

1. Adjusting $23,000 to 1969 prices using the CPI calculator at the Federal Reserve Bank of Minneapolis’s Web site
(http:/hwww minneapolisfed org/index.cfm) yields $3,959.19. Discounting that figare at 5 percent for 40 years gives $362 36.
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Mr. FIELD. Senator, thank you for the question. And it is a great
question. What is important to recognize is that what we are trying
to do is provide sufficient information for policymakers to make
good decisions, to try to figure out ways to avoid the damages that
come from the climate change without providing unacceptable costs
to the rest of society.

And we are really trying to find smart ways to move forward,
recognizing what is happening, recognizing what the risks are, and
that there are consequences of using the atmosphere as a dump for
greenhouse gases, just the same way there are consequences of
making changes in the economy that are intended to alleviate those
damages.

The estimates from the IPCC indicate that the cost of stabilizing
atmospheric CO, at something like 550 ppm could be anywhere
from a net benefit to the economy to resulting in something like in
2050 that we would reach a level of wealth 1 year later than we
would otherwise do it.

Senator BoXER. OK. Wow. Very intense conversation. And I want
to thank colleagues.

I am going to ask unanimous consent to place in the record a
chart based on NOAA temperatures that directly refutes Senator
Sessions’ chart. So then we will have two charts, one that shows
that since 1950, well, since 1990, there have been more record
highs than record lows, all the way to the present. So, we will put
that in and we can look at both of those and see which one we
agree with.

Senator SANDERS. Madam Chairman, a unanimous consent——

Senator BOXER. Yes, go ahead.

Senator SANDERS [continuing]. To place into the record, just in
response to my friend Senator Boozman, a study done by McKinsey
Consultants which says U.S. can meet entire 2020 emissions target
with efficiency in cogeneration while lowering the nation’s energy
bill $700 billion.

[The referenced information was not received at time of print.]

Senator BOXER. OK. Well, I think what is important——

Senator SESSIONS. Madam Chairman.

Senator BOXER. Yes, sir.

Senator SESSIONS. I was just going to offer for the record

Senator BOXER. Yes, please go ahead.

Senator SESSIONS [continuing]. The recent Wall Street Journal
article by a number of respected scientists who say that we should
not be panicking about global warming and point out many of the
problems with the theory.

[The referenced information follows:]




213

Sixteen Concerned Scientists: No Need to Panic About Global Warming - WSJ.com Page 1 of 3

@ The webpage cannot be found
- HTTP

[ POV N N

Divi Jones Regants. T copy \f PEBONRL PELETIETSE uss Grly T3 GrST LUSETBLTN-TNIdy COPan KT BAF LI 10 Yo GOVRRTIES. CHOTHS Of DUGIArS
e the Oraes Repeots 100] at 118 BETCm ot any SCIE O ¢ W, direprne com

See 3 sample reprint = PDF format. Grdfar & reprint of tus anicie now

THE WALY, STREET JOURNAL,

OPINION

No Need to Panic About Global Warming

There's no compelling seientific argument for drastic action to ‘decarbonize’ the world's economy.

Editor's Note: The following has been signed by the 16 scientists listed at the end of the article:

A candidate for public office in any contemperary democracy may have to consider what, if anything, to do about
"global warming." Candidates shoutd understand that the oft-repeated claim that nearly all scientists demand

that something dramatic be done to stop global warming is net true. In fact, a large and growing number of
distinguished scientists and engineers do not agree that drastic actions on global warming are needed,

In September, Nobel Prize-winning physicist Ivar Giaever, a supporter of President Obama in the last election,
publicly resigned from the American Physical Soclety (APS) with a letter that begins: "1 did not renew [my
membership] because I cannot live with the [APS policy] statement: ‘The evidence is incontrovertible: Global
warming is occurring. If no mitigating actions are taken, significant disruptions in the Earth's physical and
logical syst social security and human health are likely to oceur. We must reduce emissions of

greenhouse gases beginning now.' In the APS it is OK to discuss whether the mass of the proton changes over
time and how a multi-universe behaves, but the evid of global warming is incontrovertible?”

In spite of 2 multidecade international paign to enforce the that i ing ts of the
"pollutant” carbon dioxide will destray civilization, large numbers of scientists, many very prominent, share the
opinions of Dr. Giaever. And the number of scientific "heretics” is growing with each passing year. The reason isa
collection of stubborn scientific facts.

Perhaps the most incorvenient fact is the lack of global warming for well over 10 years now. This is known to the
warming establishment, as one can see from the 2009 "Cli gate” email of cli scientist Kevin Trenberth:
“The fact is that we can't account for the lack of warming at the moment and it is a travesty that we can't.” But the
warming is only missing if one believes computer models where so-called feedbacks involving water vapor and

clouds greatly amplify the srall effect of CO2.

The lack of warming for more than a decade—indeed, the smaller-than-predicted warming over the 22 years since
the U.N.'s Intergovernmental Panel on Climate Change (IPCC) began issuing projecti grests that p
models have greatly exaggerated how much warming additional COz2 can cause. Faced with this embarrassment,
those promoting alarm have shifted their drumbeat from warming to weather extremes, to enable anything
unusual that happens in our chaotic climate to be ascribed to CO2.

The fact is that CO2 is not a pollutant. CO2 is a colorless and odorless gas, exhaled at high concentrations by each
of us, and a key component of the biosphere’s life cycle, Plants do so much better with more CO2 that greenhouse
operators often increase the CO2 concentrations by factors of three or four to get better growth, This is no
surprise since plants and animals evolved when CO2 concentrations were about 10 times larger than they are
today. Better plant varieties, chemical fertilizers and agricultural management contributed to the great increase in
agricultural yields of the past century, but part of the increase almost certainly came from additional COz in the
atrnosphere.

http://online.wsj.com/article/SB10001424052970204301404577171531838421366.htmni 7/3072012
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Although the number of publicly dissenting scientists is growing,
many young scientists furtively say that while they also have
serious doubts about the global-warming message, they are
afraid to speak up for fear of not being promoted—or worse.
They have good reason t6 worry. In 2003, Dr. Chris de Freitas,
the editor of the journal Climate Research, dered to publish a
peer-Teviewed article with the politically incorrect (but factually
correct) conclusion that the recent warming is not unusual in the
context of climate changes over the past thousand years. The
international warming establishment quickly mounted a
determined campaign to have Dr. de Freitas removed from his
editorial job and fired from his university position. Fortunately,
Dr. de Freitas was able to keep his university job.

Cordis . N s
This is not the way science is supposed to work, but we have seen

it before—for example, in the frightening period when Trofim
Lysenke hijacked biology in the Soviet Union. Soviet biologists who revealed that they believed in genes, which
Lysenko maintained were a bourgeois fiction, were fired from their jobs. Many were sent to the gulag and some
were condemned to death.

‘Why is there so much passion about global warming, and why has the issue become so vexing that the American
Physical Society, from which Dr. Giaever resigned a few months ago, refused the ingly r ble request by
many of its members to remove the word "incontrovertible” from its deseription of a scientific issue? There are
several reasons, but a good place to start is the old question "cui bono?"” Or the modern update, "Follow the
money.”

Alarmism over climate is of great benefit to many, providing government funding for academic research and &
reason for government bureaucracies to grow. Alarmism also offers an excuse for governments to raise laxes,
taxpayer-funded subsidies for businesses that understand how to work the political system, and a lure for big
donations to charitable foundations promising to save the planet. Lysenko and his Yeam lived very well, and they
fiercely defended their dogma and the privileges it brought them,

&

peaking for many scientists and engi: who have looked carefully and independently at the science of
climate, we have a message to any candidate for public office: There is no compelling scientific argument for
drastic action to "decarbonize” the world's economy. Even if one accepts the inflated climate forecasts of the
IPCC, aggressive gl } -gas control policies are not justified economically.

A vecent study of a wide variety of policy options by Yale
Related Video William Nord} showed that nearly the highest
benefit-to-cost ratio is achieved for a policy that allows 50 more
years of ic growth unimpeded by greenh gas
controls. This would be especially beneficial to the less-
developed parts of the world that would like to share some of the
same ad of material well-being, health and life
expectancy that the fully developed parts of the world enjoy now.
Many other policy responses would have a negative return on
investment. And it is likely that more CO2 and the modest
warming that may come with it will be an overall benefit to the

Princetan physics professor Wiliam Happer on why &
farge number of scientists don't believe thal carbon
dinxide i5 causing global warming, pIanet.

If elected officials feel compelled to “do something” about
climate, we recommend supporting the excellent scientists who are increasing our understanding of climate with
well-designed instruments on satellites, in the oceans and on land, and in the analysis of observational data. The
better we understand climate, the beiter we can cope with its ever-changing nature, which has complicated

http://online. wsj.com/article/SB 10001424052970204301404577171531838421366.htin] 7/30/2012
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human life throughout history. H , much of the huge private and government investment in climate is
badly in need of critical review.

Every candidate should support rational measures to protect and improve our environment, but it makes no
sense at all to back expensive programs that divert resources from real needs and are based on alarming but
untenable claims of "incontrovertible” evidence.

Claude Allegre, former director of the Institute for the Study of the Earth, University of Paris; J. Scott
Armstrong, cofounder of the Journal of Forecasting and the International Journal of Forecasting; Jan Breslow,
head of the Laboratory of Biochemical Genetics and Metabolism, Rockefeller University; Roger Cohen, fellow,
American Physical Society; Edward David, ber, National Academy of Engineering and National Academy
of Sciences; Williarn Happer, professor of physics, Princeton; Michael Kelly, professor of technology, University
of Cambridge, U.X.; William Kininmonth, former head of climate research at the Australian Bureau of
Meteorology; Richard Lindzen, professor of atmospheric sciences, MIT; James McGrath, professor of
chemistry, Virginia Technical University; Rodney Nichols, former president and CEQ of the New York Academy
of Sciences; Burt Rutan, aerospace engineer, designer of Voyager and SpunceShipOne; Harrison H. Schmitt,
Apollo 17 astronaut and former U.S. senator; Nir Shaviv, professor of astrophysics, Hebrew University,
Jerusalem; Henk Tennekes, former director, Royal Dutch Meteorological Seruvice; Antonio Zichichi, president of
the World Federation of Scientists, Geneva,
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Senator BoXER. OK. And I would just clarify for the record, I am
not panicked about global warming. I just feel that Congress is the
only place that seems to just shrug its shoulders, and even though
admitting that it is occurring, does not really want to do much
about it.

I will also place in the record several studies that confirm that,
in essence, at the end of the day our consumers will save a lot of
money once they have energy efficiency put into place and we have,
we are energy independent, independent of the nations that do not
like us very much. Once that happens, we will see a reduction in
costs for the individual.

[The referenced information was not received at time of print.]

Senator BOXER. I want to thank all of you scientists for being
here. We greatly appreciate this. And we will call you back because
we are going to keep on this as long as it takes to get some action
here in the U.S. Senate.

And Senator Inhofe has something for the record.

Senator INHOFE. For the record, I would like to have the report
that shows, it came from a number of universities, that if we were
to do the cap and trade as has been described in several pieces of
legislation, the cost to the American people would be between $300
billion and $400 billion a year, which is 10 times greater than the
tax increase of 1993.

Senator BOXER. OK. And I would put into the record a direct ref-
utation of that.

So, we start off, unfortunately, where we left off, which is the Re-
publican side denying and saying even if they agree, let us not
doing anything about this——

Senator SESSIONS. Well, we could agree on something, Madam
Chair——

Senator BOXER. Yes, go ahead, tell me.

Senator SESSIONS [continuing]. And that is I have, and I think
most Republicans, have voted for mileage improvements and effi-
ciencies. Many of us have supported, at times, ethanol expansion
and those kinds of things because we can do those scientifically,
and it makes sense for everybody. So, here is an area that we can
agree. And if CO; is causing an increase in temperatures, all of
these steps will help alleviate it.

Senator BOXER. Absolutely.

Senator SESSIONS. It is just a question of how much we can af-
ford to spend, and that is where the dispute is. Thank you for let-
ting me say that.

Senator BOXER. Well, I like what you just said, and I think there
is room for it. So, why do we not continue that conversation to-
gether, Senator Sessions. Are you willing to do that, sit down and
talk about those various energy efficiencies, fuel efficiencies? All
right, we will do it. Thank you very much.

And thanks again to the panel.

We will go to our next panel. We are going to have to do more
about the gavel on this one.

Secretary John Griffin, Maryland Department of Natural Re-
sources, Dr. Margo Thorning, Senior Vice President and Chief
Economist, American Council for Capital Formation, Dr. Jonathan
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Fielding, Director, Los Angeles County Department of Public
Health, National Association of County and City Officials.

We are going to have to move this quickly, so if our new wit-
nesses could take their seats. I want to thank them for their pa-
tience.

I know Senator Cardin wants to introduce his witness from his
State, so why do you not go ahead, Senator Cardin.

Senator CARDIN. Madam Chair, while they are getting situated,
let me welcome Secretary John Griffin. He has had a long and dis-
tinguished career in our State. He has been one of the architects
of the Chesapeake Bay Program that this Committee has heard me
talk about on frequent occasions. Maryland has been one of the
leaders in developing sensible plans to deal with our environment.

I particularly want to acknowledge the leadership of the
O’Malley administration. Secretary Griffin chairs the Adaptation
and Response Working Group for the Maryland Commission on Cli-
mate Change. We believe that Maryland will give examples of what
we can use as a national model to deal with the realities of the new
norm on climate change and deal with changes we need to make
for public safety and for our future. We are a coastal State, and we
need to deal with the risks. And our nation needs to have good poli-
cies.

I want to thank Secretary Griffin for being here.

Senator BOXER. Thank you very much, sir.

With that, we will open it up with Secretary Griffin. I am going
to use this gavel a little stronger because we have got some meet-
ings at 12:30. So, go ahead.

STATEMENT OF JOHN B. GRIFFIN, SECRETARY,
MARYLAND DEPARTMENT OF NATURAL RESOURCES

Mr. GRIFFIN. Chairman Boxer, Senator Cardin, thanks for that
kind introduction, distinguished members of the Committee of En-
vironment and Public Works, I am pleased to be here today to dis-
cuss with you the importance of taking precautionary, cos effective,
and common sense actions now to reduce our vulnerability to the
current and future impacts of climate change.

I guess I should also say that I bring warm greetings from Gov-
ernor Martin O’Malley.

I was asked today to share with this Committee our efforts in
Maryland to respond and adapt to the impacts of climate change.
Before I do so, though, I wanted to highlight some of the impacts
that we are observing and dealing with right now in our State.

Sea level rise. We have documented a sea level rise of 1 foot over
the last century due to the combination of land subsidence and
global sea level rise, and an additional 3 to 4 feet is projected by
the end of this century, increasing our vulnerabilities to strong
events, causing more frequent and severe flooding, more shoreline
erosion, saltwater intrusion into our drinking water aquifers, and
higher water tables.

A recent study you may have seen from the U.S. Geological Sur-
vey identified the stretch of coast running from Cape Hatteras to
a little bit north of Boston as a hot spot for sea level rise caused
by global warming. Since 1990 USGS found that sea levels along
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this stretch, which includes, obviously, Maryland, are rising at an
annual rate three or four times faster than the global average.

Shoreline erosion. Maryland is currently losing approximately
580 acres of land per year to shore erosion, and alarmingly 13
Chesapeake Bay islands once mapped on nautical charts have al-
ready disappeared beneath the water’s surface. A 2008 report by
the National Wildlife Federation calculated that an additional
400,000 acres of land on Chesapeake’s Eastern Shore, that is basi-
cally Maryland and Virginia, could gradually be submerged.

Waterfront property along our thousands of miles of tidal shore-
line put billions of dollars of public and private investment at risk
of loss. For example, approximately 450 State-owned facilities, and
close to 400 miles of State highways, are located in areas that are
most vulnerable to impacts from sea level rise.

Water temperature increases. Since 1960 the Chesapeake Bay’s
water temperature has increased 2.8 degrees Fahrenheit. One ex-
ample of the impact of this change is a decline in eelgrass, an un-
derwater grass that provides critical habitat for fish and juvenile
crabs. Scientists expect that eelgrass will very likely be eliminated
in the not too distant future from the Chesapeake and our seaside
bays because of rising water temperatures.

Impact on Chesapeake Bay restoration. We were also very con-
cerned about the consequences of climate change impacts on the
health of the Chesapeake Bay. As shorelines erode, marshes are
lost, and forests are flooded, the amount of nutrients and sedi-
ments entering the Chesapeake Bay will increase and set us back
on our efforts to restore the health of the bay and all the commend-
able work that Senator Cardin and this Committee have done to
help us in the bay region restore the bay.

What is Maryland doing to adapt? In 2007, shortly after he was
elected in his first term, Governor O’Malley established the Mary-
land Commission on Climate Change. The commission about a year
later did its original report laying out factions to address not only
the drivers of climate change but also how we will adapt and re-
spond to those impacts. Our department, as was mentioned by Sen-
ator Cardin, has been leading the adaptation work.

Maryland enacted, in 2009, the Greenhouse Gas Reduction Act
which commits the State to reducing greenhouse gas emissions
over a baseline of 2006 by 25 percent by 2020. And the Climate Ac-
tion Plan produced by the Commission also has identified, in two
reports, a series of actions that ought to be taken by the State and
its local governments to prepare for and adapt to climate change.

Let me just share with you a few of the changes that we are
doing at the moment

Senator BOXER.Doctor, I am going to have to ask you to put those
into the record, because we will get to you with the questions.

Mr. GRIFFIN. That is fine. I would be happy to do so.

Senator BOXER. Thank you so much.

[The prepared statement of Mr. Griffin follows:]
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Chairworman Boxer and distinguished members of the Committee on Environment and Public Works,
it is my pleasure to be here today to discuss with you the importance of taking action now to reduce
our valnerability to the current and future impacts of climate change. State and local governments are
at the front lines of ensuring a safe and healthy environment, livable communities, and a sustainable
economy. If states and local governments fail to adequately prepare for climatic changes, billions of
dollars of federal, state, and local investments in public infrastructure will be threatened.

My testimony focuses on Maryland’s long running efforts to research, plan, and prepare for the
impacts of sea level rise, extreme storms, and climate change. Our efforts date back to the early
1990’s when, in conjunction with the University of Maryland Center for Environmental Science, we
began researching the impacts of sea level rise on coastal communities and marsh systems within the
Chesapeake Bay. Since then, we have moved from research to planning to actions, and I am honored
to be here to share Maryland’s progress in adapting to climate change.

The impacts of major concern to our built and natural infrastructure include increased extreme events
such as heat waves, droughts, storms, flooding, and forest fires; the spread of existing and new
invasive species; and increased erosion and inundation of low-lying areas along the State’s extensive
shoreline and coast.

Here are some examples of observable impacts that we are already witnessing in Maryland:

¢ Maryland has experienced more than a foot of sea level rise in the last century due to the
combined forces of regional land subsidence and global sea level rise. Current projections
from the Maryland Climate Change Commission indicate that we could see as much as three to
four feet of additional rise over the next 100 years. A recent study by the U.8. Geological
Survey published in the journal Nature Climate Change' indicates that the 1,000 kilometer
stretch of coast running north from Cape Hatteras to north of Boston is a "hot spot” for sea
level rise caused by global warming. The study found that since 1990, sea levels along this
stretch (which includes Maryland) are rising at an annual rate three times to four times faster
than the global average. The impacts of sca level rise arc already increasing our vulnerability
to storm events, causing more frequent and severe coastal flooding, inundating our low-lying
lands, submerging our tidal marshes, and causing more shore erosion, salt-water intrusion, and

Tawes State Office Building — 580 Taylor Avenue — Annapolis, Maryland 21401
410-260-8DNR or toll free in Maryland 877-620-8DNR — www.dnr. maryland.gov — TTY Users Call via the Maryland Relay
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higher water tables. Coastal communities are in harm’s way, and public funding for disaster
relief and restoration will be in increasing demand.

* Maryland is currently losing approximately 580 acres every year to shore erosion; and
alarmingly, thirteen Chesapeake Bay islands once mapped on nautical charts have already
disappeared beneath the water’s surface. A 2008 report by the National Wildlife Federation
calculated that approximately 400,000 acres of land on the Chesapeake’s Eastern Shore
(Maryland and Delaware) could gradually be submerged." Maryland has thousands of miles of
developed waterfront property along its coast, including many historic human settlements such
as Smith Island. These coastal areas contain billions of dollars worth of public and private
investments that will be adversely impacted by sea level rise and the intensification of coastal
storm events. Approximately 450 State-owned facilities and close to 400 miles of State
highways are located within areas that will be vulnerable to coastal flooding from sea level rise
and/or coastal storms over the next 100 years,

* Since 1960, Chesapeake Bay water temperature has increased approximately in 2.8° F.™
Scientists are concerned that eelgrass, an underwater grass that provides critical nursery habitat
for commercially and recreationally important fish and blue crab populations, will soon be
eliminated from the Chesapeake and our seaside bays because of the rising temperatures and
erosion from sea level rise". Higher temperatures will also very likely increase the size of the
Chesapeake Bay’s oxygen depleted “dead zone”, and the frequency and severity of harmful
algal blooms. Fisheries in the Chesapeake Bay will be further stressed by higher surface
temperatures and lower dissolved oxygen.” These trends pose a real threat to the significant
progress we have made toward the recovery of our recreational and commercial fisheries,
which contribute more than $1.42 billion to our State’s GDP.

* Critical wetland habitat is already being lost to erosion and sea level rise. At least 5,000 acres
of Blackwater National Wildlife Refuge have been lost since the 1930s with 300 more acres
being lost each year." Marshes across the Bay are being lost to the same process of erosion
and sea level rise and many are not very likely able to keep up, eventually falling apart and
sinking into the Bay. Commercially valuable forest lands in other areas of Maryland’s Eastern
Shore are being lost to flooding. Increased flooding and rising carbon dioxide provide an
unfortunate opportunity for invasive species to takeover. All of these impacts affect species
such as the saltmarsh sparrow, clapper rail, seaside sparrow, and willet just to name a few.

¢ Last year, Maryland was hit by Hurricane Irene and Tropical Storm Lee, impacting not only
Maryland’s coast but also many of our inland towns and communities. Warmer ocean waters
will increase the impacts of storms such as these. As residential and commercial development
increases on highly prized coastal land, more property will be at risk from intense storms.

* Maryland is one of 28 states across our nation that experienced record high temperatures from
July 2011-June 2012. Heat waves in Maryland over the last three summers have been the
hottest since 1943, the year of record, and have set one-hundred year records, particularly in
urban areas, like Baltimore. In Maryland alone, 13 deaths were attributed to heat in an 11 day
period in June and July of this year.

These impacts are resulting in real and documented consequences to the health of Maryland’s
economy, society, and environment. Iam very concerned about the consequences of climate change
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impacts to the health of Chesapeake Bay. As shorelines are eroded, marshes are lost, and forests are
flooded, the amount of nutrients and sediment entering Chesapeake Bay will increase and set us back
in our efforts to restore the health of the Bay.

Due to the observed and increasing future risk that a changing climate poses to Maryland’s citizens,
ecosystems, and infrastructure, our State is increasingly focused on addressing greenbouse gas
emissions and preparing for the impacts of climate change. In 2007, Governor Martin O’Malley
signed an Executive Order establishing the Maryland Climate Change Commission, comprised of
three working groups — a Scientific and Technical Working Group, a Greenhouse Gas and Carbon
Mitigation Working Group, and an Adaptation & Response Working Group. The Governor charged
the Commission with developing a plan of action to address both the causes and consequences of
climate change.

Approximately a year after its formation, the Commission released Maryland’s Climate Action Plan,”
setting forth a course of action to address not only the drivers of climate change but also strategies and
actions to adapt and respond to the very likely impacts. The work of the Commission resulted in the
passage of Maryland’s Greenhouse Gas Reduction Act in 2009, which commits the State to reducing
greenhouse gas emissions by 25 percent by 2020. We are currently seeking public comment on
Maryland’s draft plan for achieving the reduction goals set forth in the Act."™

Maryland’s Climate Action Plan includes two climate change adaptation strategies which are currently
guiding state-level adaptation planning efforts. The first strategy (Phase I), released in 2008, addresses
the impacts associated with sea level rise and coastal storms. The second strategy (Phase II), released
in 2011, addresses changes in precipitation patterns, increased temperatures, and impacts to human
health, agriculture, forest and terrestrial ecosystems, bay and aquatic environments, water resources,
and infrastructure.

Following those plans, the Department of Natural Resources established a new policy to direct our
investments and land management in order to better mitigate and adapt to climate change. The
“Building Resilience to Climate Change” policy outlines practices and procedures related to new land
investments, facility siting and design, habitat restoration, operations, research and monitoring, and
resource planning. The policy has been instrumental in institutionalizing the following agency
practices.

In 2011, DNR made two revisions to its land acquisition strategies. First, we are working to acquire
key pieces of land that allow for the landward migration of wetlands in order to provide habitat and
important ecosystem services, such as storm surge protection, as sea level rises. Second, we are
shifting away from conserving land located in areas less than 2 feet in elevation above mean sea level,
as these areas will very likely be under water within the next 50 years.

We are also siting and designing all new facilities and infrastructure to avoid or minimize likely
climate change impacts, particularly those associated with sea level rise. A recent example is the new
visitor center at Harriet Tubman Underground Railroad State Park in Dorchester County, which will be
located cutside of the area projected to be vulnerable to sea level rise within the next 50 years and will
be elevated 2 feet above the existing 100-year base flood elevation to add extra protection against
future coastal flooding. We are currently preparing similar siting and design criteria for all State
facilities for consideration as gubernatorial Executive Order in the near future.



222

Our Department is also working with local governments to encourage sound investments in land and
facilities, and to promote the management of natural resources with an understanding of climate
change. One such effort is DNR’s Coast-Smart Communities Initiative, created to ensure that
Maryland’s local communities have the tools and resources they need to be ready, adaptive, and
resilient to the impacts of coastal hazards and climate change. We also created Maryland’s Coastal
Atlas™, an online interactive mapping tool widely used to access and assess coastal hazard and climate-
related data and imagery.

Under the initiative, the Department provides financial and technical assistance to local governments to
reduce their vulnerability to the effects of climate change and sea level rise through planning, code
revisions, and permitting authorities. To date, the initiative supported hazard resilience projects within
12 of Maryland’s 16 coastal counties, which resulted in policy and programmatic changes such as
enhanced building codes, and improved floodplain management practices, shore erosion management,
and land-use planning. Within the past two years, several local governments including Dorchester
County and the cities of Crisfield, Cambridge and Princess Anne, increased the elevation standard for
built structures within their tidal floodplains to provide an extra level of flood protection in the event of
future sea level rise.

Climate change adaptation planning is happening across all levels of Maryland state government. A
few examples include:

* 1In 2008, the Maryland General Assembly enacted the Living Shoreline Protection Act,
requiring non-structural shoreline protection practices in response to coastal erosion and sea
level rise. “Living shorelines” include a suite of techniques to minimize coastal erosion
and maintain coastal process, while also providing valuable intertidal and near-shore habitat.
Living shoreline projects are an increasingly important shoreline management technique, given the
additional stressors to Maryland’s shoreline from sea level rise, coastal storms and climate change.

s In 2010, the Maryland Department of Housing and Community Development conducted a
review of current state-wide building codes and recommended enhancements in coastal regions
of Maryland.

* In 2011, the Maryland Emergency Management Agency assessed climate change related
hazards, including drought, wildfires, sea level rise vulnerability, storm surge, and shore
erosion, and included related hazard mitigation measures in the State Hazard Mitigation Plan.

* In 2012, Maryland activated a State heat emergency web site” which includes links to the State
Heat Plan, facts about heat related illness, and weekly Heat Reports that provide guidance and
information about deaths and illness caused by extreme heat in the region.

s The Maryland Port Administration, State Highway Administration, and Maryland Historic
Trust are currently working to assess the vulnerability of the assets, infrastructure and cultural
resources that they manage, and to develop and implement adaptation strategies.

The tools and guidance produced through our adaptation initiatives mentioned previously have resulted
in the development of a framework for addressing climate change resilience in the planning process
across the State. In the context of the reality that we are continuing to grow, live and recreate in areas
that are already vulnerable, the State incorporated, “Climate Change Impact Areas” as areas of Special
Designation in its’ State Development Plan, Plan Maryland®, released by Governor O'Malley in
December of 2011.
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Climate Change Impact Areas include areas currently targeted by the Department of Natural Resources
for land-use planning and zoning code enhancements, heightened building codes, increased protection,
and habitat restoration. They include: the projected 50 and 100-year Sea Level Rise Inundation Zones,
50-Year Erosion Vulnerable Zones, Category 2 Storm Surge Inundation Zones, Marsh Transition
Zones, Temperature Sensitive Streams, Drought Hazard, and Wildfire Risk Areas. The intent of these
designations is to ensure that the State and local governments make wise decisions about how we
protect our natural resources, and where and how we develop and redevelop in light of climate change
induced hazards and risks.

The continuation of federal, state, and local government leadership is imperative if we are to continue
to adapt to climate change. The Obama Administration should be commended for convening the
Interagency Climate Change Adaptation Task Force, co-chaired by the Council on Environmental
Quality, the Office of Science and Technology Policy, and the National Oceanic and Atmospheric
Administration. The Task Force is working to ensure that federal agencies align their climate change
adaptation planning efforts to build a coordinated and comprehensive response to the impacts of
climate change on public health, communities, oceans, wildlife, and water resources. The issuance of
the Water Resource Policies and Authorities for Incorporating Sea-Level Change Considerations in
Civil Works Programs™ by the U.S. Army Corps of Engineers in July 2009 and updated in November
2011, and the recent amendments to the National Flood Insurance Program under the Biggert-Waters
Flood Insurance Reform Act of 2012 (“Reform Act”) also represent great instances of leading by
example at the federal level.

Maryland’s climate change planning efforts have been advanced in great part due to a number of
federal programs and resources. Maryland relies heavily on climate data, observation and synthesis
products, decision support tools, technical planning guidance, and training programs provided by
federal agencies including the National Oceanic and Atmospheric Administration, the U.S.
Environmental Protection Agency, the U.S. Geological Survey, and the U.S. Fish and Wildlife Service.
To emphasize this point, we look forward to the release of the “National Fish, Wildlife and Plants
Climate Adaptation Strategy” (a collaborative effort between the federal, state, and tribal governments)
which we anticipate will serve as an important resource to managers in Maryland working to safeguard
our natural resources against the impacts of climate change.

In Maryland, we clearly recognize the need to take action now to prepare for the consequences of
climate change. Harnessing nature’s ability to adapt and heal itself, we are planting more trees to
capture excessive carbon pollution and reduce stormwater and heat impacts, restoring more wetlands
and living shorelines to help shield us from flooding and coastal storms, and planning ahead to reduce
the vulnerability of Maryland’s citizens, infrastructure, and natural resources. As a nation, we must do
more to advance our scientific understanding of climate change and reduce our shared societal,
economic, and environmental vulnerability to its impacts. We must all continue to advocate for sound
planning and strategic actions to avoid or mitigate against the most damaging and likely effects.

For example, coastal wetlands provide a “speed bump” to advancing coastal storms and sea level rise
by slowing down and absorbing the damaging effects of waves and storm surges. Similarly, informed
land use policies and infrastructure design standards, like those that we are developing in Maryland,
can serve as “speed bumps” that mitigate impacts to our built environment.

The challenge before us as we move forward is to accept the fact that the realities faced by our parents’
generation are most certainly not the same realities that we face today. We need to learn from the
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already observed effects on our built infrastructure and natural resources. We need to recognize the
value and resiliency of healthy ecosystems and the services they provide, and we need to adjust our
management of our built environment and natural resources accordingly. Doing so is certainly a
challenge, but also an opportunity — an opportunity that, if taken advantage of, will ensure the
prosperity of our children’s and grandchildren’s generations.

! Asbury H. Sallenger Jr., K.S. Doran, P.A. Howd. 2012, Hotspot of accelerated sea-level rise on the Atlantic coast of North
America. Nature Climate Change. Published online:
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M ARYL AND Martin O'Malley, Governar
Anthony G. Brown, 1L G 101

DEPARTMENT OF John R. Grithin, Secrstary

s NATURAL RESOURCES Joseph P, Gill, Deputy Secretary

January 8, 2013

Senator Barbara Boxer, Chairman

Senate Committee on Environment and Public Works
410 Dirksen Senate Office Building

Washington, DC 20510

Dear Senator Boxer:

Thank you for the opportunity to testify before the Committee on Environment and Public Works on
August 1, 2012, at the hearing entitled, “Update on the Latest Climate Change Science and Local
Adaptation Measures.” It was my pleasure to share with you details on Maryland’s long running efforts
to research, plan, and prepare for the impacts of climate change.

As noted at the hearing, Maryland is working on the front lines to address the impacts of climate change;
impacts that are already resulting in real and documented consequences to the health of Maryland’s
economy, society, and environment. The State is concerned that climate change will harm efforts to
restore the Chesapeake Bay's health and impact billions of dollars in public and private investments,
including 400 miles of highways in Maryland. The answers to your recent questions related to my
testimony are provided below.

1. How will climate change impact the infrastructure investments we are making now and plan to
make in the future?

The short answer is that by thinking about future impacts today, there is a real opportunity to
make wise fiscal decisions to lessen the impacts and economic cost of future extreme weather
events and climate change. Unfortunately, the impacts of climate change, including sea level
rise, shoreline erosion, and coastal flooding, are already affecting built infrastructure in
Maryland and all along our nation’s coasts. Between Hurricane Isabel in 2003 and Hurricane
Irene and Tropical Storm Lee is 2011, Maryland suffered losses of approximately $92 million.
Knowing this and what we do about our vulnerability to climate change, the challenge for the
future is to determine how to protect existing infrastructure assets and at the same time
working to avoid or reduce future damages by siting and designing new and rebuilt
infrastructure projects with climate change and future sea level rise in mind. With this in mind,
Maryland has recently passed two pieces of new state policy to address these challenges.

On December 27, 2012, Governor O’Malley signed the Climate Change and Coast Smart
Construction Executive Order (enclosed), enacting a number of policy directives, including

Tawes State Office Building - 580 Taylor Avenue — Annapolis, Maryland 21401
410-260-8DNR or toll free in Maryland 877-620-8DNR ~ www.dnr.maryland.gov — TTY Users Call via the Maryland Relay
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directing all State agencies to consider the risk of coastal flooding and sea level rise when they
design capital budget projects and charging the Department of General Services with updating
its architecture and engineering guidelines to require new and rebuilt State structures be
elevated two or more feet above the 100-year base flood level. The intent of the Executive
Order is to ensure that State infrastructure investments in vulnerable coastal areas are fiscally
wise and structurally sound.

The State of Maryland also incorporated, “Climate Change Impact Areas” as areas of Special
Designation in its” State Development Plan, Plan Maryland, released by Governor O'Malley in
December of 2011. Climate Change Impact Areas include: the projected 50 and 100-year Sea
Level Rise Inundation Zones, 50-Year Erosion Vulnerable Zones, Category 2 Storm Surge
Inundation Zones, Wetland Adaptation Areas, High Quality Cold Water Resource Areas,
Temperature Sensitive Streams, Drought Hazard Risk Areas, and Wildfire Priority Areas. The
State is currently reviewing state funded infrastructure proposals within these areas, as well as
targeting them for land-use planning and zoning code enhancements, heightened building
codes, increased protection, and habitat restoration.

. Wil adaptation efforts require significant additional investment?

The cost to implement climate adaptation efforts is exiremely varied depending on the type or
scale of a given adaptation strategy. Adaptation options are often broken down into three
broad categories: avoidance, protection, and accommodation. Generalized costs associated
with each of these are discussed briefly below.

Avoidance: Adaptation measures aimed at the avoidance of impact can be accomplished with
little cost as they are implemented through land-use decision-making processes or through the
establishment of siting criteria (i.e., restricting placement of new structures within vulnerable
areas). We used this type of adaptation strategy for the proposed placement of the new visitor
center at Harriet Tubman Underground Railroad State Park in Dorchester County, which will
be located outside of the area projected to be vulnerable to sea level rise within the next 50
years.

Accommodation: Designing infrastructure to accommodate for climate change and sea level
rise, such as elevating a structure 2-feet above the 100-year base flood elevation, as required by
the Climate Change and Coast Smart Construction Executive Order, will require additional
cost, ranging between .25 to 1.5% of the project’s construction cost. This cost, however, can
be offset in terms of the cost savings over time if mundation or flood damage is reduced
avoided.

Protection: The cost to create, protect or restore natural protective barriers such as wetlands,
oyster reefs or vegetative dunes could fall anywhere between hundreds of thousands to millions
of dollars, depending on the scale of the project. For example, Maryland’s annual budget to
mainfain vegetative dunes on its public ocean front is $2 million ($1 million State/$1 million
tocal). Construction of a man-made storm or surge barrier to protect urban areas, such as
Manhattan, will be extremely high and could cost billions of dollars as recently reported by the
New York Times. The likelihood of another extreme storm and the subsequent cost of large
scale infrastructure damage, human suffering and business interruption will uitimately be a
major factor in decisions such as these.
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In Maryland, we are undertaking our broad scale climate change adaptation efforts with the
understanding that proactive planning now that is geared toward limiting potential future
damage is fiscally wise and will in the end, cost much less than acting later,

Thank you again for the opportunity to testify at the hearing on August 1, 2012, I trust that my testimony
and the additional information provided in this letter will be helpful as you continue to explore the
development of federal policy concerning these important topics,

Sincerely,

John R. Griffin, Secretary
Enclosure:
cc: The Honorable Benjamin L. Cardin, United States Senate

Dana Thompson, Director of Federal Relations, Governor Martin O’Malley
Olivia Campbell Anderson, DNR Legislative Director
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EhgStalg o Mrpland -

Executive Department

EXECUTIVE ORDER
01.01.2012.29

Climate Change and “Coast Smart” Construction

The State of Maryland has the fourth longest tidal coastline in the
continental United States and is one of the States most vulnerable to sea
level rise — one of the major consequences of climate change;

Climate forecasters have predicted that the extreme weather events
experienced in recent years are indicative of the likely impacts of climate
change that the State of Maryland will face in the coming decades;

The State of Maryland has experienced more than one foot of sea level
rise over the last century due to the combined forces of regional land
subsidence and global sea level rise;

The State of Maryland is currently losing approximately 580 acres every
year to shore erosion and, alarmingly, thirteen Chesapeake Bay islands
once mapped on nautical charts have been lost;

In July 2012, the U.S. Geological Survey published research in the
joumal Nature Climate Change documenting that over the last 20 years,
sea levels along the 1,000 kilometer stretch of coast running north from
Cape Hatteras to north of Boston, which includes the State of Maryland,
have risen at an annual rate three times to four times faster than the
global average;

Future changes in sea level threaten to increase the State of Maryland’s
vulnerability to storm events, causing more shore erosion and severe
coastal flooding, inundating low-lying lands, submerging tidal wetlands
and marshes, and resulting in additional salt-water intrusion and higher
water tables;

The State of Maryland has approximately 450 existing State-owned
facilities and 400 miles of roadways within areas likely to be impacted
by sea level rise over the next 100 years;

Billions of dollars of investments in public infrastructure will be
threatened if the State of Maryland fails to prepare adequately for
climate change;
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The State of Maryland must lead by example by implementing sound
planning strategies to avoid or mitigate against the most damaging and
likely effects of climate change; and

The State of Maryland must take action now to ensure that State
infrastructure investments in vulnerable coastal areas are “Coast Smart”
— fiscally wise and structuraily sound.

I, MARTIN O’MALLEY, GOVERNOR OF THE STATE OF
MARYLAND, BY VIRTUE OF THE AUTHORITY VESTED IN ME
BY THE CONSTITUTION AND THE LAWS OF MARYLAND,
HEREBY PROCLAIM THE FOLLOWING EXECUTIVE ORDER,
EFFECTIVE IMMEDIATELY:

A.  Definitions. In this Executive Order the following words have the
meanings indicated:

(1)  “Base flood” is a flood having a one-percent chance of
being equaled or exceeded in any given year; the base flood also is
referred to as the 1-percent annual chance (100-year) flood.

(2)  “Base flood elevation” is the water surface elevation of the
base flood in relation to the datum specified on Flood Insurance Rate
Maps. In areas of shallow flooding, the base flood elevation is the
highest adjacent natural grade plus the depth number specified in feet on
the Flood Insurance Rate Map, or at least four (4) feet if the depth
number is not specified.

(3)  “Freeboard” is a factor of safety that compensates for
uncertainty in factors that could contribute fo flood heights greater than
the keight calculated for a selected size flood and floodway conditions,
such as wave action, obstructed bridge openings, debris and ice jams,
climate change, and the hydrologic effect of urbanization in a watershed.

4 “Permanent structure” is a structure installed, used, or
erected for a period of greater than 180 days.

(5)  “Sea Level Rise Vulnerability” is the susceptibility of a
coastal area to seasonally high-tides or prolonged or permanent
inundation or submergence due to a future rise in water level.

(6)  “Special Flood Hazard Areas” refers to land in the
floodplain subject to a one-percent or greater chance of flooding in any
given year and are designated by the Federal Emergency Management
Agency in Flood Insurance Studies and on Flood Insurance Rate Maps as
Zones A, AE, AH, AO, A1-30, and A99, and Zones VE and V1-30.

2
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{7)  “State structures” are structures planned and built by State
agencies that are partially or fully funded with State monies,

(8)  “Structure” means that which is built or constructed,
specifically, a walled or roofed building, including a gas or liquid storage
tank that is principally above ground, as well as a manufactured home,

{9)  “Substantial damage” means damage of any origin
sustained by a structure whereby the cost of restoring the structure to its
before damaged condition would equal or exceed 30 percent of the
market value of the structure before the damage occurred.

B.  State agencies that propose capital projects for new State structures
or the reconstruction or rehabilitation of substantially damaged State
structures for inclusion in the State capital budget on or after July 1,
2013, shall consider the risk of coastal flooding and sea level rise to the
project and should site and design State structures to avoid or minimize
associated impacts.

€. Consistent with applicable law, the Department of General
Services shall update its Policies and Procedures Manual for
Architecture and Engineering to include guidelines providing that State
agencies shall plan construction of all new permanent State structures
and the reconstruction or rehabilitation of substantially damaged State
structures located in Special Flood Hazard Areas with a minimum of two
(2) feet of freeboard above the 100-year base flood elevation, unless the
Department of General Services, after consultation with the Department
of Natural Resources and the Department of the Environment,
determines that a variance from the guidelines is warranted after
consideration of the following factors:

(1) The danger that materials may be swept onto other lands to
the injury of others;

{2} The danger to life and property due to flooding or erosion
damage;

{3)  The susceptibility of the proposed structure and its contents
to flood damage and the effect of such damage to the State of Maryland;

{4)  The importance of the services to the State of Maryland
provided by the proposed structure;

{(5)  The availability of suitable alternative locations that are
subject to a lower risk of flooding or erosion damage;

(6)  The necessity or benefits of a waterfront location;
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{7} The compatibility of the proposed use of the structure with
existing and anticipated development

(8)  The need to maintain eligibility or designation as  historic
structure as defined by the U.S. Department of the Interior and/or the
Maryland Historic Trust;

{9)  The safety of access to the structure by passenger and
emergency vehicles during a flood;

{10y The expected heights, velocity, duration, rate of rise, and
sediment transport of the floodwaters and the effects of any wave action
expected at the site;

{11}y The costs of providing government services during and
after flood conditions, including maintenance and repair of public
utilities and facilities such as sewer, gas, electrical, and water systems,
and streets and bridges; and

{12) The comments provided by the Maryland Department of
Environment and the National Flood Insurance Plan State Coordinator,

D. The Department of Natural Resources, in consultation with the
Maryland Commission on Climate Change and/or other relevant parties as
necessary, shall develop additional proposed guidelines concerning
Climate Change and “Coast Smart” Construction.

(1} Timing. The Department of Natural Resources shall
convene & meeting to discuss implementation and recommendations
within 45 days of the effective date of this Executive Order and provide an
initial report to the Governor within nine months,

{Z)  Report. The report shall inchude;

{a)  Recommendations for additional “Coast Smart”
criteria for the siting and design of new, reconstructed, or rehabilitated
State structures, as well as other infrastructure improvements such as
roads, bridges, sewer and water systems, drainage systems, and essential
public utilities,

{b}  Recommendations concerning the potential
application of “Coast Smart” guidelines to non-state infrastructure
projects that are partially or fully funded by State agencics.

{c)  Other recommendations for executive and/or
legislative action,
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E.  The Critical Area Commission for the Chesapeake and Atlantic
Coastal Bays should evaluate existing regulations and policies for State
Agency Actions Resulting in Development on State-Owned Lands and
consider the adoption of new or revised provisions that address climate
change and the risk of sea level rise and other extreme weather-related
impacts.

F.  The Scientific and Technical Working Group of the Maryland
Commission on Climate Change shall review the sea level rise
projections established by the Maryland Commission on Climate Change
published in the Maryland Climate Action Plan (2008) and shall provide,
within 180 days of the effective date of this Executive Order, updated
projections based on an assessment of the latest climate change science
and federal gnidance.

G.  This Executive Order shall be implemented in a manner consistent
with any review or permitting processes that are required by law. This
Executive Order does not apply to any federal or local permits or
approval processes.

Given Under My Hand and the Great Seal of the State of Maryland
in the City of Annapolis, this 28" day of December, 2012,

Martin O’Malley
Governor

SN2

Chn P, McDonough
Secretary of State

ATTEST:

[
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Senator BOXER. Now, I am very proud to welcome Dr. Jonathan
Fielding, Director, Los Angeles County Department of Public
Health, National Association of County and City Health Officials.

Thank you, sir.

STATEMENT OF JONATHAN FIELDING, M.D., MPH, MBA, DIREC-
TOR, LOS ANGELES COUNTY DEPARTMENT OF PUBLIC
HEALTH, NATIONAL ASSOCIATION OF COUNTY AND CITY
HEALTH OFFICIALS

Dr. FIELDING. Chairman Boxer, Ranking Member Inhofe, and
members of the Committee, thank you for the opportunity to speak.
I am Jonathan Fielding, Director of Public Health and Health Offi-
cer for L.A. County, a professor at UCLA Schools of Medicine and
Public Health, and I am here also representing the National Asso-
ciation of County and City Health Officials, which is a membership
organization comprised of the nation’s local health departments.
We are the feet on the ground.

Senator Boxer, NACCHO and local health departments across
the country recognize and appreciate your leadership on the issue
of climate change and its impacts on public health. The city, coun-
ty, metropolitan, district, and tribal departments work every day to
protect residents from all health threats. Some, of course, are very
long standing: unsafe water, food. These threats multiply when we
have disasters, hurricanes, tornadoes, earthquakes, and wildfires.
Local health departments also are responsible for protecting health
and minimizing the health effects of many types of acts of ter-
rorism, bio-terrorism, chemical terrorism, and dirty bombs.

We are here because our No. 1 job is to protect the public’s
health, and it is our responsibility to adhere to the precautionary
principle. When we see threats, or threats are very likely, we have
to be ready to respond quickly and effectively.

We are currently witnessing the effects of severe storms,
droughts, wildfires, and other extreme weather events that cause
severe trauma, lead to increases in number of diseases like res-
piratory disease, to contaminated water and air, and also to mental
health. This disproportionately affects the poor, the young, the el-
derly, and those with physical or mental disabilities.

As you have heard, the past decade was the warmest on record.
In 2011 the lower 48 States set temperature records for the warm-
est spring, the warmest year to date, and the warmest 12-month
period since recordkeeping began in 1895. So, we cannot ignore the
Intergovernmental Panel on Climate Change conclusion that cli-
mate change threatens to “increase the number of people suffering
from death, disease, and injury from heat waves, flood, storms,
fires, and droughts.”

And we cannot ignore the likelihood that climate change will
bring us serious vector-borne diseases, mosquitoes and others, that
give us dengue fever, Chagas’ disease, and other diseases we have
not seen before here.

The Federal Government, States, and local health departments
all need to adapt to the new and growing risk to critical infrastruc-
ture, precious resources, the natural environment, and human
health. These affect not only our national health but our national
productivity, our competitiveness, and our standard of living.
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It has been estimated the costs from six climate-related events
from 2006 to 2009 was more than $14 billion. And this figure is an
understatement because many of the health effects continue to be
felt years after the precipitating event, as many survivors of Hurri-
cane Katrina can attest.

Many health departments have already taken very specific steps.
In Los Angeles County, we have enhanced emergency preparedness
for increased frequent heat events, and we have conducted vulner-
ability assessments to identify the most vulnerable populations and
are linking them to emergency resources. The Tulsa County Health
Department is conducting focus groups after its hottest summer on
record in 2011 to help identify vulnerable populations related to
respiratory disease, vector-borne disease, and heat related illness,
and to modify its Metropolitan Area Health Improvement Plan.

Multnomah County in Portland, Oregon, has completed a vulner-
ability assessment and is working with a State authority to develop
a heat vulnerability index and is testing a Heat Warning and
Events Communication Plan. Health departments from all over,
and we will put these in the record, East and West Coast, north
and south, have all taken action adapting to changes.

So, we cannot afford inaction. I think the threats to climate
change effects are basic survival resources; food, water, shelter,
and health; and we as local health departments, as your foot sol-
diers, have to be better prepared.

But despite the threat, preparedness funding for local health de-
partments has been declining. About 55 percent of local health de-
partments saw a decline in their resources in the most recent sur-
vey. We need to expand the most recent investment made by the
Centers for Disease Control in this area, not reduce it as has been
proposed.

And the climate change bill championed by you, Chairman
Boxer, addresses the public health role in climate change and the
need for a clear action plan at all levels of government. Action is
needed now because inaction threatens our public and our national
competitiveness.

Thank you very much for the opportunity to appear before you.
I would be happy to answer questions.

[The prepared statement of Dr. Fielding follows:]
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NACCHO

National Association of County & City Health Officials

The National Connection for Local Public Health

TESTIMONY OF
Jonathan Fielding, MD, MPH, MBA
Los Angeles County Health Department
Update on the Latest Climate Change Science and Local Adaptation Measures
Senate Environment and Public Works Committee
August 1, 2012

Chairwoman Boxer, Ranking Member Inhofe and members of the Committee, thank you for the
opportunity to speak to you today. | am Dr. Jonathan Fielding, Director and Health Officer of the Los
Angeles County Health Department. | am also here today representing the National Association of
County and City Health Officials, a membership organization comprised of the nation’s local heaith
departments. These city, county, metropolitan, district, and tribal departments work every day to
ensure the safety of the water we drink, the food we eat, and the air we breathe, and to protect every
resident from all heaith threats.

Senator Boxer, NACCHO and local health departments across the country recognize and appreciate your
leadership on the issue of climate change and its impacts on the public’s health.

Why is climate change a health issue?

Climate change has serious and far-reaching health implications for present and future generations. For
example, climate change is already changing the distribution of some infectious disease vectors and
according to the Intergovernmental Panel on Climate Change, threatens to “increase the number of
people suffering from death, disease and injury from heatwaves, floods, storms, fires and droughts.”
Climate change may also cause social disruption, economic decline, and displacement of populations, all
of which may impact health substantially. Climate change will disproportionately burden some—the
very young and the elderly, the physically and mentally disabled, the poor and economically
disadvantaged, and other marginalized groups.

The past decade has been the warmest on record, marked by unprecedented flash storms and flooding
and the worst drought in Texas’ history.” The year 2011 saw the lower 48 states set temperature records
for the warmest spring, largest seasonal departure from average, warmest year-to-date, and warmest
12-month period, all new marks since records began in 1895.2 Continuing this trend, the first five
months of 2012 were the warmest on record for many locations across the United States and we are

1100 17th Street, MW, Seventh Floor, Washington, DC 20036 P (202) 783 5550 F {202} 787 1583 www.naccho.org plnuhﬂmn pc,o,,l.ze Protoot
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currently witnessing the effects of severe drought, wildfires, and other extreme weather events? in
addition to record temperatures, sea levels and temperatures are rising, agricultural zones are shifting,
vector-borne diseases are migrating to previously uninhabitable areas, precipitation patterns are
becoming more extreme and unpredictable, and extreme weather events are becoming increasingly
devastating. All of these issues have ramifications for the health of the communities they affect,
including death, injury or trauma, transmission of vector-borne diseases, increased respiratory diseases,
contamination of water, and exacerbation of mental health issues.

Changes in the frequency, intensity, or distribution of extreme weather events have posed and will
continue to pose a considerable threat to the health of communities across the country. it has been
estimated that the health costs of just six climate change-related events from 2002 to 2009 totaled
more than $14 billion.* As significant as that figure is, these costs do not even fully capture the burden
on communities and local heaith departments as many of the heaith effects related to extreme weather
are often experienced well after the disaster has passed. For example, survivors of Hurricane Katrina
continue to experience health issues years after the precipitating event.

The effects of a changing climate are already being felt in many places. Attempting to mitigate emissions
to avoid long-term consequences is no longer sufficient to protect human healith. The effects of climate
change will oftentimes strike hardest where people can least afford to adapt and protect themselves.
The Federal government, states, and local health departments all need to adapt to new and growing
risks to critical infrastructure, precious resources, the natural environment, and human health.

What is the extent to which local health departments are addressing climate change?

Local health departments are uniquely positioned to prepare for and respond to the health effects of
climate change. Communities look to public health for leadership on these issues. Local health
departments have the responsibility to anticipate the health burden of extreme weather and climate
change, communicate these realities to policymakers and the public, contribute to climate adaptation
plans, and create and sustain an all-hazards preparedness capacity.

Some local health departments have begun to increase their capacity to assess and address the health
effects of climate change. They are conducting internal needs assessments and vulnerability
assessments, training staff, involving diverse strategic partners and community members to incorporate
health considerations into comprehensive climate adaptation plans. Additionally, a growing number of
local health departments have integrated climate change considerations into emergency preparedness
programs in order to increase their effectiveness and maintain capacity. However, since 2008, 50,000
jobs have been cut at health departments and approximately half of local health departments
experienced a reduction in workforce capacity during the second half of 2011 alone. Therefore, many
local heaith departments have had to severely cut back on emergency preparedness planning activities
due to personnel cuts.

Over the past year, the nation has seen devastating effects from winter storms, tornadoes, floods, and
most recently Colorado forest fires. The response to and recovery from these types of tragic events is
predicated on having a strong and robust preparedness infrastructure at the local level. Current capacity

2
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must be bolstered to adequately protect the public from the impacts of all natural and manmade
disasters, including changing climate, and prevent further health disparities related to their differential
impacts.

Budget cuts have compromised the ability of public health departments to build and sustain key
partnerships essential to an adequate timely response. In response to these cuts, consolidated planning
for all emergencies, including those related to climate change, can help to overcome some of these
challenges through the development of strengthened partnerships and more efficient use of limited
resources.

What are some examples of what health departments are doing to address climate change?

The Los Angeles County (CA) Department of Public Health is concentrating its climate change response
on adaptation strategies. internally, the Department conducts needs assessments to enhance existing
programs’ capacities to respond to climate changes, and identifies environmental indicators that allow
for increased monitoring and surveillance of changes in the climate. Another component of our efforts is
emergency preparedness planning, where we have integrated climate change considerations in order to
enhance emergency response. Within our countywide risk, hazard and vulnerability assessment, climate
change - particularly adverse heat events - has been highlighted as a focal risk factor. The department
conducts vulnerability assessments to geographically identify those most vulnerable to increased heat
events {e.g. elderly, disabled, etc) so that we may provide them with information about extreme
weather hazards and link them to emergency support resources. Externally, the Department influences
local planning and land use decisions in an effort to incorporate climate change into comprehensive
plans. We also inform the public of heat events and their impacts through health alerts and advisories.

Beyond the Department of Public Health, the County of Los Angeles has a green purchasing policy that
requires County Departments to purchase environmentally preferable products. The County also
launched a Reduce, Reuse, Recycle campaign to reduce energy usage, as well as a Ride Share Program to
encourage carpooling among its 100,000+ employees. The City of Los Angeles is focusing on mitigation
strategies by implementing a Green LA campaign within the city. The action plan calls for a reduction in
the city’s greenhouse gas emissions to 35% below its 1990 levels by the year 2030.

Other local health departments across the country are also responding to climate change.

* Multnomah County (Portland, OR) has completed a vulnerability assessment related to
respiratory disease, vector-borne disease and heat-related iliness and is developing an
adaptation plan to address these issues. They are working with the Oregon Health Authority to
develop a heat vulnerability index and will be testing a heat warning and event risk
communication plan targeted to vuinerable populations located in "hot spots" (areas with high
urban heat island effect) in an effort to help communities adapt to hotter summers.

¢ Tulsa (OK) County/City Health Department is conducting focus groups after its hottest summer
on record in 2011 to help identify vulnerable populations related to related to respiratory
disease, vector-borne disease and heat-refated iliness and modify its Metropolitan Area Health
improvement Plan
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e Clark County (WA) Public Health is conducting a risk assessment to allow it to focus resources in
areas of greatest risk. Through partnership with researchers at the University of Washington, it
was concluded that in Clark County there is a nearly 20% greater risk of death from respiratory
causes on extreme heat days.

*  Clark County {WA) Public Health and Thurston County {WA) Public Health and Social Services
provided contributions to their local comprehensive city plans that included climate change and
health considerations.

¢ Mercer County (L) Health Department took the lead on building a coalition with a diverse group
of local stakeholders and developing a local climate adaptation plan.

e Orange County (FL} Health Department has trained staff on the health effects of climate change
specific to their jurisdiction, including the potential emergence of diseases they do not currently
see.

e Mercer County {IL) Health Department and Orange County (Orlando, FL} Health Department
have produced educational materials to educate the public on the health risks of climate change
and extreme weather. information has been displayed at County fairs and the Orange County
Convention Centers and aired on local television stations.

® Austin/Travis County (TX) Health and Human Services Department conducted a vuinerability
mapping exercise that identified several neighborhoods in the City of Austin that were
particularly vulnerable to extreme heat or flooding events. Representatives from these
neighborhoods participated in a stakeholder committee process.

¢ Columbus (OH) Public Health, together with Frankiin County (OH) Public Health, has developed
an extreme heat plan to guide their responses when an extreme heat event occurs.

» New York City Department of Health and Mental Hygiene has implemented a series of programs
to address extreme heat events through the development of adaptive capacity in vulnerable
areas.

The time for inaction has passed. The intensity of the threat challenges ali of our basic survival
mechanisms -- food, water, shelter, and health. Local public health departments must play a vital role in
addressing climate change. These departments already utilize a multi-level prevention approach that
can be applied in responding to climate change.

The climate change bill championed by Chairwoman Boxer addresses the public health role in climate
change and the need for an action plan at all levels of government to address the health impacts of
climate change. Congress must take action without delay to address this critical issue. The Centers for
Disease Control and Prevention, representing the only federal investment in preparing our nation for
the health effects of climate change, has provided a small amount of funding over the past few yearsto
quantify the expected health impacts of climate change and support public heaith department efforts in
this area. To assure an adequate response, this investment should be continued and strengthened, not
reduced as proposed.
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Chairwoman Boxer and Ranking Member Inhofe, thank you for your attention to this important issue. |
look forward to continuing to work with you to address this issue with far reaching implications for the
future health and quality of life in our nation.
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2012 national overview supplemental material. Retrieved from
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4. Knowiton, K., Rotkin-Ellman, M., Geballe, L., Max, W., & Soloman, G. {2011). Six climate change-related
events in the United States accounted for about $14 billion in lost lives and health costs. Health Affairs,
30(11), 2,167-2,176. doi: 10.1377
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Response to Questions from Senator Barbara Boxer, Environment and
Public Works Committee Hearing of August 1, 2012

Question 1: Dr. Fielding, you testified that climate change will disproportionately burden the very
yaung_and the elderly, the disabled, and the poor. Could you please describe how vulnerable
communities in Los Angeles County and eisewhere are disproportionately impacted by climate
change and the key steps that are needed to help address these impacts?

Answer to question 1: A number of physiological, psychological, and socioeconomic factors
contribute to the vulnerability of a community to climate change stressors. These factors include
a generally higher prevalence of certain diseases, medical conditions, and functional limitations;
their higher sensitivity to extreme heat; their increased social isolation; and their financial status.
Sociceconomic characteristics, such as income level, access to social and heaith services, and
level of education, can influence the risk of exposure and the capacity to adapt.

Extreme heat waves cause the most harm among elderly people, young children and the poor
due to existing medical conditions, higher sensitivity to heat and diminished access to air
conditioning. An average of 400 deaths per year are directly related to heat, and an estimated
1,800 die from ilinesses made worse by the heat - including heat exhaustion, heat stroke,
dehydration, cardiovascular disease, and kidney disease. Heat stroke occurs at rates that are
12 to 23 times higher in persons aged 65 years and older compared with other age groups.
Children are at increased risk for morbidity due to a decreased capacity to thermo regulate.
Low-income households already face greater health risks and often have diminished access to
air conditioning, an important protective factor during heat waves.

Climate change has contributed to a rise in the frequency and severity of extreme weather
events - including higher intensity storms and heavier rainfalls, Apart from the obvious risks of
direct physical injury or death, extreme weather events lead to a range of secondary health
impacts including those that affect the availability and safety of food and water; interruptions in
communications, utilities, and health care services; and community disruption and
displacement. Transportation access is a critical tool during heat waves and other extreme
weather events, allowing individuals to commute to cooling stations, emergency shelters or
other safe areas. Emergency transportation is often least accessible to low-income minority
communities and individuals with limited mobility.

Climate changes result in more smog and an increase in ragweed and other allergens in the air.
Degraded air quality not only impacts individuals with pre-existing respiratory ilinesses, but puts
many people at risk for irritated eyes, noses, and lungs. This includes outdoor workers, children,
the elderly, and those who exercise outside. People with asthma, allergies, and other respiratory

1
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diseases face the most serious threals, since exposure to increased pollution heightens
sensitivity to allergens, impairs lungs, triggers asthma attacks, sends people to the hospital, and
even results in death. In 2010, the American Lung Association estimated that about 23 million
Americans suffered from asthma.

Through its impacts on natural systems, climate change can facilitate the spread or emergence
of vector-, water-, and food-borne diseases in areas where they had been limited or had not
existed previously. While the water and food-borne outcome of gastrointestinal diseases is mild
and seff-limiting, they can be severe and even fatal among vulnerable populations, including
young children, those with compromised immune systems, and older adults. In a 1985 study,
children ages 1-4 years and adults older than 60 years each made up about 25% of
hospitalizations involving gastroenteritis, but older adults represented 85% of the associated
deaths {U.S. Climate Change Science Program 2008).

Key steps that could be undertaken to reduce the vulnerability and enhance the resilience of
Americans to climate change are to reduce Green House Gas emissions by creating active
living communities, promoting active transporiation and cleaning up our energy choices.
Additionally, planning, research and action are needed across the public health sector to
prepare for these changes. Resources for local public health depariments are needed to build
their capacity and enhance resilience at the local level. With adequate resources, local health
departments can develop and expand their efforts to address health impacts through cross-
sector climate change planning.

Question 2: Dr. Fielding, you cited a November, 2011 study that estimated health costs fofaling
more than $14 billion from six climate-change related extreme weather events in 2002 through

2009. Can you expand on the burdens that such events place on communities and local health
departments?

Within Los Angeles County, the response to any adverse weather event is coordinated by the
Office of Emergency Management. 1t is the responsibility of local health departments to protect
health and prevent disease during weather-based emergencies like wildfires, windstorms and
floods. The duties involved in these incidents include: increased surveillance and monitoring;
public messaging and guidance on protective actions; assistance with shelfers/sheltering; and
response fo various environmental hazards.

During times of extreme heat the County of Los Angeles implements a response for both
vulnerable populations and communities at large. Efforts include the opening and monitoring of
cooling centers and advisories to ambulances and hospitals regarding preparations to receive
patients suffering from the effects of heat. Emphasis is placed on vulnerable populations who
could suffer disproportionally as a result of economic or chronic medical conditions. In the 2006
heat wave in California, there were 16,166 excess emergency department visits and 1,182
excess hospitalizations that occurred statewide.

The enduring impacts of extreme storms and floods can be significant. These events can result
in contamination of drinking water supplies, disruption of local food production/distribution,
increased incidence of indoor mold and associated respiratory illnesses. Exposure to pathogens
from sewage and unclean water can sicken vulnerable communities with illnesses lfike
cryptosporidiosis, giardiasis, and norovirus.

Extreme weather events fypically result in the loss of power to a community. During these times,
wastewater facilities are at greater risk for sewage spifls. Without power to treat waste, raw
sewage can be discharged into focal waters where people swim and play. Local health
departments must then take action to protect health by closing beaches and issuing health
advisories.
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The need fo evacuate a region ahead of approaching severe weather can also pose health and
safety risks. In particular, logistical issues can hamper the safe evacuation of long-term care
facilities. In addition to the challenge of securing appropriate transportation, the evacuating
facility must ensure that the receiving facility can manage patients’ needs. Successfully moving
individuals from nursing and assisted-fiving facilities to a sheltering facility requires the transfer
of essential patient information and resources, including medical records, medications, and
medical equipment. This process was particularly problematic and poorly coordinated during the
evacuation for Hurricane Katrina (Laditka et al. 2008). During Hurricane Rita in 2005, a bus
evacuating elderly nursing home residents from Houston to Dallas was involved in an accident
that kitled 24 (Houston Chronicle 09/24/2005).

Finally, in addition to above events, local health departments face substantial challenges in the
ability to maintain the health of the population due to the loss of housing, drinking water
supplies, and access to local food supplies. This makes the population more prone to
malnutrition, forced migration, and civil conflict.
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Senator BOXER. Thank you very much, Doctor.

And now we hear from our last witness today, and that is Dr.
Margo Thorning, Senior Vice President and Chief Economist, the
American Council for Capital Formation, as a minority witness.

Welcome.

STATEMENT OF MARGO THORNING, PH.D., SENIOR VICE
PRESIDENT AND CHIEF ECONOMIST, AMERICAN COUNCIL
FOR CAPITAL FORMATION

Ms. THORNING. Thank you, Chairman Boxer, Ranking Member
Inhofe. I appreciate the chance to appear before you today to dis-
cuss some of the challenges and some of the opportunities that the
business community has in adapting to the potential climate varia-
bility or climate change.

First, some of the challenges. The climate models that we have
seen predicting change out over the next 50 to 100 years vary
greatly, not only in terms of where the change in temperature or
the change in precipitation may occur, but also when. So, the cli-
mate models are not sufficiently precise to allow business to make
good plans for the future.

Second challenge is that the business community tends not to
plan more than 3 to 15 years in advance unless you are in a busi-
ness like utilities where your capital stock may last 40, 50, 60
years. So, the general business plans are not able to make—take
account of the fact that climate change may occur but may not be
significant for 50 or 100 years. So they will tend to adopt what we
call no regret strategies which are changes that they would make
in the normal course of doing business.

A third barrier or a third challenge for the business community
to adapting to climate variability is regulatory policy and permit-
ting delays. For example, the regulations, the EPA’s regulation of
greenhouse gases under the Clean Air Act is estimated to slow in-
vestment spending in 2014 by $25 billion to $75 billion and reduce
GDP significantly and also hinder job growth, perhaps 500,000 to
1.4 million fewer jobs. That slows economic growth, makes it more
difficult for the economy to provide the resources to provide for ad-
aptation to climate change.

Now, the opportunities for the business community to adjust to
climate change are certainly there. Many companies are adopting
no regrets strategies, as I mentioned, strategies that they would do
anyway. For example, in agriculture, figuring out developing seeds
that are more drought resistant or more resistant to increased
weather variability.

So, many industries are already adjusting suppliers and thinking
about what the potential impact is. But these are changes they
would do as a normal course of business. They are not responding
to threats that may be out there 50 to 100 years.

Other industries like utilities are beginning to do what we call
hard adaptation. They are beginning to change the way they—
change the installation of their transmission lines, their distribu-
tion lines. For example, Intergy, the big company, a big energy
company on the Gulf Coast, is spending $75 million to harden its
transmission and distribution lines to a major port because of expe-
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rience with extreme weather. So, they are actually going beyond no
regrets strategies.

But the main thing that probably would assist companies in
adapting to the potential threat of climate change is making sure
we maintain strong economic growth because with that we can af-
ford to make the changes that may be necessary. One component
of maintaining strong growth is making sure that our tax code con-
tinues to preserve strong capital formation initiatives. As we de-
bate tax reform, we need to be sure that any reform that is put in
place does not weaken the incentives for new investment.

And even going beyond lowering corporate rates, as both the
Simpson Plan and others have suggested, we ought to be thinking
about switching to a consumed income tax. A joint tax committee
research, as well as research by Allen Sinai of Decision Economics,
shows that if the U.S. were operating under a system where all
savings is deductible and all investment is expensed, we would
have faster economic growth, more investment, faster job growth,
and it would enhance our ability to adapt to climate change.

The last point is the need to reform our regulatory process, to
make sure regulations meet the cost-benefit test so that they do not
unduly burden our ability to invest and to grow, and to reform the
permitting process.

I also want to add that when you think about small and medium-
sized enterprises, if climate change does occur they will face even
greater challenges than do large scale operations. So, we need to
be very careful that we preserve the kind of incentives that enable
the U.S. economy to grow and make the changes that might be nec-
essary.

Thank you.

[The prepared statement of Ms. Thorning follows:]
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Adapting to Climate Change: What are the Challenges and Opportunities for the U.S.
Business Community?

By
Margo Thorning, Ph.D.

Senior Vice President and Chief Economist
American Council for Capital Formation
Before the
Committee on Environment and Public Works
U.S. Senate

August 1, 2012
Executive Summary

Current Climate Models Produce Conflicting Results: The wide variation in temperature,
rainfall and other measures predicted by the various climate models makes it difficult for both
policymakers and the private sector to decide when and how much capital to invest in measures
to adapt to possible changes in the climate. Business investments are judged on the basis of their
costs and benefits so until climate models show more convergence, the business community will
have difficulty in justifying adaptation policies beyond “no regrets” (or those that would be
undertaken anyway in the normal course of business).

Most Businesses Do Not Plan Investments over Long Time Horizons: Many climate models
do not predict significant global warming for at least another 50 to 100 years; their simulations
commonly extend to the year 2100. Most businesses however, plan investments overa 3 to 15
year horizon, not 50 to 100 years. Thus, business is more likely to engage in “no regrets’
strategies to address adaptation to climate variability rather than undertake substantial
investments in anticipation of changes in climate that may only occur in 50 to 100 years.
Barriers to Investment Caused by Regulatory and Permitting Delays: Conflicting
regulations, regulatory uncertainty and permitting delays are often factors hindering U.S.
companies from making investments to improve or expand their facilities in order to adapt to
extreme weather events or climate variability. For example, in addition to permits to meet federal
regulations there are often additional state and local permit requirements which add time and cost
10 a project getting underway. EPA regulation of GHGs under the Clean Air Act is an example of
regulatory uncertainty that is likely to be slowing not only adaptation but also U.S. investment
and job growth.

Opportunities for Business to Adapt to Potential Climate Variation: U.S. companies have
already begun to adopt “no regrets” strategies to adapt to climate change. For example, some
utilities are “hardening” their infrastructure to reduce damage from future weather events and
agriculture and the insurance industry are also developing technologies and policies to adapt to
climate change.

Financing Adaptation Will Depend on Strong Economic Growth: Sound fiscal policies and
a tax code that retains robust capital cost recovery rules can enhance growth. Further serious
consideration should be given to a consumed income tax in which all saving is deducted and all
investment is expensed. Regulatory reform and reducing permitting delays will also enhance
growth .
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Business Community?

By
Margo Thorning, Ph.D.
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U.S. Senate

August 1, 2012
Introduction

Chairman Boxer, Ranking Member Inhofe and members of the Committee, my name is Margo
Thorning, senior vice president and chief economist, American Council for Capital Formation
(ACCF),* Washington, D.C. I am pleased to submit this testimony on challenges faced by the
private sector in adapting to both near and long term variations in climate.

The American Council for Capital Formation represents a broad cross-section of the American
business community, including the manufacturing and financial sectors, Fortune 500 companies
and smaller firms, investors, and associations from all sectors of the economy. Qur distinguished
board of directors includes cabinet members of prior Democratic and Republican
administrations, former members of Congress, prominent business leaders, and public finance
and environmental policy experts. The ACCF is celebrating over 30 years of leadership in
advocating tax, regulatory, environmental, and trade policies to increase U.S. saving, investment
and job growth.

Background

Adapting to changes in the climate has been a feature of life for the ecosystem including humans,
animals and plants for millions of years. In recent years, increased concentrations of greenhouse
gases (GHGs) in the atmosphere have raised concerns that the earth’s temperature may warm to
levels which will cause increased extreme weather events, decreased rainfall, rising sea levels,
more rapid loss of species and other changes that would cause economic and environmental
damages. My testimony focuses on the economic and financial issues that need to be understood

*Founded in 1973, the American Council Jor Capital Formation is a nonprofit, nonpartisan organization
advocaling iax, energy, regulatory and environmental policies that facilitate saving, investment, economic
growth and job creation. For more information about the Council or for copies of this testimony, please contact
the ACCF, 1750 K Street, N.W.. Suite 400. Washington, D.C. 20006-2302; telephone: 202.293.5811; fax:
202.785.8165: e-mail: infol@accf org: website: www.accforg
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and addressed in order for the U.S. business sector to begin to address the risks that may arise if
global temperatures rise significantly in the future.

Challenges for Business in Adapting to Potential Climate Change
¢ Current Climate Models Produce Conflicting Resuits

The wide variation in temperature, rainfall and other measures predicted by the various climate
models makes it difficult for both policymakers and the private sector to decide when and how
much capital to invest in measures to adapt to possible changes in the climate. Several factors
make climate modeling challenging: (1) uncertainty about emissions trajectories, (2) uncertainty
about how the climate responds to changes in GHGs in the atmosphere and (3) natural climate
variability due to factors such as solar activity and volcanic eruptions. A recent presentation by
Professor Jouni Raisanen of the University of Helsinki highlights the extreme variation in
temperature predictions produced by modeling 7 simulations using 22 different climate models. !
As shown in Figure 1, the temperature changes predicted by 2069 to 2098 range from 1 to 7 C.
Furthermore, absolute differences in the various models’ predictions for changes in temperature
and precipitation increase with the passage of time (see Figure 2). In addition, the models are not
granular enough to even allow a reliable estimate of the impacts on southemn compared to
northern Texas so it is difficult for a company to know what to react to. Business investments
are judged on the basis of their costs and benefits and therefore until climate models show more
convergence, the business community will have difficulty in justifying adaptation policies and
investments beyond “no regrets” steps (or those that would be undertaken anyway in the normal
course of business).

¢ Many Businesses Do Not Plan Investments over Long Time Horizons

Many climate models do not predict significant global warming for at least another 50 to 100
years; their simulations commonly extend to the year 2100. Most businesses however, plan
investments over a 3 to 15 year horizon, not 50 to 100 years. As noted by David Cotts and
Edmond Rondeau in The Facility Manager’s Guide to Finance and Budgeting, ‘few fim’s
strategic plans extend beyond ten years and many are capped at five.”2

Further, a recent OECD report, Private Sector Engagement in Adaptation to Climate Change
states that:
“Risk assessments vary based on companies’ capabilities and priorities ~ some countries
use dedicated tools to assess climate risks while others broaden the scope of existing risk
management procedures to include climate change. The incorporation of longer time
frames into risk assessments to capture long-term climate change risks is not yet
common. The possible increase in frequency and intensity of extreme events is often the

‘hng://www.baltex~research.eu/ecosuggon/eventguncertainty workshop_2010/Joupi_Raisanen.pdf
2

hup:/books.google.com/books?id=1bPM

+to+plan tindustry,+ 1 0+years&source=bl&ots=xX9a7 Fim1&sig=IEbP6ViSm-rW-

sX2f70wV4 3MTo&hl=en&sa=X&ei=

siness%20planning%2C%20how%20far%200ut%2010%20plan%2C%20industry%2C %201 0%20vears& f=false
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main focus of risk assessments, and companies are generally more concerned about direct
impacts than about indirect impacts.”3

It seems likely that in the absence of clear evidence about the scale and timing of damage from
climate variability, companies will continue to wait to make major investments until after 3
significant event such as a storm or flood occurs. In addition, the rapid change in business
conditions, technology and global competition in recent years makes businesses cautious about
making assumptions about the future profitability of investments. Thus, business is more likely
to engage in “no regrets’ strategies to address adaptation to climate variability rather than
undertake substantial investments in anticipation of changes in climate that may only occur in 50
to 100 years.

¢ Barriers to Investment Caused by Regulatory and Permitting Delays

Conflicting regulations, regulatory uncertainty and permitting delays are often factors hindering
U.S. companies from making investments to improve or expand their facilities in order to adapt
to extreme weather events or climate variability. For example, in addition to permits to meet
federal regulations there are often additional state and local permit requirements which add time
and cost to a project getting underway.

An example of a regulation that is likely to be slowing U.S. investment for maintenance and
expansion as well as for “no regrets” and “hard” investments to adapt to climate change is the
U.S. Environmental Protection Agency’s regulation of U.S. greenhouse gas emissions under the
Clean Air Act (CAA). EPA began requiring regulated stationary sources with emissions over a
specified emissions threshold to obtain permits under the Prevention of Significant Deterioration
(PSD) and Title V Operating Permit programs in 2011. The PSD program requires that new and
modified facilities of entities such as power plants, industrial and commercial boilers, iron and
steel producers, refineries, cement and pulp and paper producers having the potential to emit
greenhouse gases above a certain level must obtain a preconstruction air quality permit. The Title
V program requires sources having the potential to emit air pollutants above a certain amount to
obtain an operating permit. In order to obtain a PSD permit, regulated emitters will have to put in
place “Best Available Control Technology” (BACT). In November 2010, EPA released general
guidelines for selecting BACT; the selection will be done on a case-by-case basis. Unfortunately
the BACT guidelines are not likely to materially reduce the uncertainty facing regulated entities
planning capital investments or improvements and thus the factors that impact the cost of capital
and investment hurdle rates will continue to impede the U.S. economic recovery.

As a result of the uncertainty caused by EPA’s GHG regulations, investment is estimated to
decline by 5% to 15 % in directly impacted industries, such as the electric power sector, mining,
manufacturing and wholesale and retail trade which were responsible of 25% of overall capital
investment in U.S. economy in both 2008 and 2009. A 5% to 15% decline in investment for only
the directly affected industries would result in an approximately $25 to $75 billion reduction in
investment outlays and could result in between 476,000 to 1.4 million fewer jobs in 2014

3 hitp//www.oeed-
ilibrary.ore/docserver/d

m=ABSAIESODAE2A2CFTBF18FSE9S7CDIES
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compared to the baseline forecast. In addition, GDP would be $47 billion to $141 billion less in
2014 than compared to the baseline forecast.5

Another example of U.S. regulatory and permitting policies delaying new investment which
could help business reduce emissions as well as adapt to climate change is found in recent
testimony by Hal Quinn of the National Mining Association. He notes that slow permitting is
hindering investment in domestic rare earth mines.® (Rare earth minerals have many industrial
uses including for catalytic converters and in the nickel-metal hydride batteries used in hybrid
cars). Quinn states that the United States Geological Survey recently reviewed permit times for
U.S. metal mines and found that “The time to obtain a permit has required as many as 17 years
and one mine the Pogo, Alaska gold mine, was developed under an expedited permitting
schedule that still took 7 years.™”

The interim report of the President’s Council on Jobs and Competitiveness also recognizes the
role that U.S. regulations and permitting delays play in delaying or preventing new investment.
The report’s policy recommendations include: (1) requiring agencies to develop a template for
online permit tracking for federal permitting and environmental review, (2) requiring agencies to
seek early stakeholder engagement and holding agencies accountable for meeting permitting
milestones, (3) limiting duplication among local, state and federal agency reviews and (4)
improved up-front processes in permit approvals that could be helpful in litigation management.®

Opportunities for Business to Adapt to Potential Climate Variation
* “No Regrets” Planning for Adaptation

The OECD report cited carried out 16 case studies on a variety of companies in different
industries regarding their policies and plans for adapting to climate change. Many focus on
direct and immediate impacts that may already be evident, such as more frequent and violent
natural hazards, rather than more distant and uncertain systemic risks.?

The case studies also reveal that companies’ engagement in implementing risk management
measures varies. Having assessed climate change impacts on their business operations, some
companies may decide not to implement adaptation measures, or to delay implementation. This
can be part of an efficient adaptation strategy if the expected benefits of those measures are
outweighed by the costs on a present value basis.

Two third of the companies in the OECD survey have implemented “no regret” activities that
can be classified as adaptation, but which they would have implemented in any case for other
purposes. These measures usually deal with current climate variability and current environmental

o/ WWW,nma.of ficong_test/042612_quinn.pdf
7 Ibid,, p.3.

8 http://files.iobs-council.comfobscouncil/files/201 1/10/JobsCouncil InterimReport Octli.pdf
9 Ibid., p. 28.



250

concerns, or are measures that are beneficial to the companies” business operations while also
making them more resilient to climate change impacts. Examples of such synergistic measures
can be found in several industry sectors and typically address issues of water scarcity,
sustainable agriculture, the climate resilience of suppliers and sources of raw materials for
production, and market-driven changes in customer demand, 10

* Going Beyond “No Regrets” with Climate Preparedness

While not yet widespread, some companies in the U.S. are moving beyond “no regrets™ policies
by planning for climate change as well as investing in “hard adaptation” measures. As the OECD
report explains, hard measures include specific technological and infrastructural changes
involving capital goods that consider specific climate change risks in planning and design. The
selection of specific measures will depend on the extent and type of changes that the company
has to make in order to be climate proofed.

For example, as a result of damage from Hurricanes Rita and Katrina and awareness of climate
risk to the Gulf Coast, a major utility company, Entergy Corporation has begun a $74 million
dollar project to relocate and harden transmission and distribution lines serving Port Fourchon,
Louisiana which is the single largest point of entry for crude oil coming into the U.S, 1!

Similarly, the agriculture industry is also beginning to plan for the possibility of a warmer world
as well as for the expected 30 % increase in food production needed by 2050 to feed the world’s
growing population. Some regions and crops could do better, thanks to a longer growing
season and higher levels of COz2 in the air, and others could suffer. Seed companies have
renewed their efforts to develop drought resistant crops, according to John Soper, director
of product development at Pioneer, a unit of DuPont.

“We’re expecting some drier weather to move into the key corn growing areas,” he said. “The
climate in lllinois might be more like the climate in Arkansas.” Pioneer is testing drought-
resistant corn and other crops in desert-like test fields in California and Chile, he said, in part
because farmers who now irrigate their fields are already telling Pioneer that they expect limits
on the availability of water. In India, Pioneer is working to develop drought-tolerant varieties of
rice, which is now grown on flooded land but may have to adapt to a drier climate. Other seed
companies including Monsanto, Syngenta and Bayer Crop Science are working on their own
drought-resistant crops, 12

The insurance industry is also recognizing that more extreme weather events may occur in the
future. Insurance, which is society’s traditional risk management tool, will have a role to play in
addressing the impacts of floods, hurricanes, fires, tornados or other events. As a recent report by
Zurich Financial Services Group notes, insurers have the tools to play a significant role in
widespread adaptation to the possible risks resulting from climate change. For example, insurers
have had success in supporting the deployment of building code requirements and new
technologies. Insurers could again play that role in facilitating adaptation to climate change risk
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— through coverage provisions related to resilience of building stock and infrastructure to
extreme weather events. 13

Strong Economic Growth Can Facilitate Adaptation to Climate Change

Adapting to variations in the climate will be easier for countries that whose economies are
growing and for businesses and consumers which are prospering. In order to finance both “no
regrets” investments as well as hard adaptations to climate variability businesses will need strong
portfolios and growing assets. Among the policy options that should be considered to enhance
U.S. economic growth are tax reform. In addition, as discussed above, reducing regulatory and
permitting barriers to new investment will also promote a stronger economy.

¢ Tax Policy to promote U.S. investment and economic growth

As policymakers debate tax reform, they need to consider how important cash flow is for new
U.S. investment. New academic research provides evidence of the strong link between
investment and cash flow; a dolar of current and prior-year cash flow is associated with $0.32 of
additional investment for firms that are least likely to face difficulty in raising money in capital
markets and with $0.63 of new investment for firms likely to face constraints. These results have
implications for U.S. investment and job growth since ACCF research shows that each $1 billion
in new investment is associated with an additional 23,300 jobs (see Table 1).1

Some tax reform plans such as Bowles/Simpson trade accelerated and bonus depreciation for a
lower corporate income tax rate. If these provisions are repealed and replaced with economic
depreciation which is generally longer than the current Modified Accelerated Cost Recovery
System (MACRS), the cost of capital for new equipment will rise and investment is likely to
decline. The benefit of MACRS and bonus depreciation is its positive impact on cash flow,
which occurs immediately as the investment is put in place. If, as seems likely, higher hurdle
rates were to cause U. S. investment in equipment (which averaged $1.1 trillion in 2011) to
decline, there would be a significant negative impact on employment and economic growth.

Instead of making some segments of the business community better off at the expense of others
by eliminating tax provisions such as accelerated and bonus depreciation or LIFO in order to
“pay for” lower corporate tax rates, under any tax reform policymakers should retain or
enhance capital cost recovery rules in order to promote new investment and economic growth.
Better still, they should consider a consumed income tax in which all saving is deducted and all
investment is expensed. Dr. Allen Sinai, president and chief global economist of Decision
Economics, used his large scale macroeconomic model to simulate the impact of a consumed
income tax compared to the federal tax code in effect in 2001. The simulation modeled a system
in which all saving is tax exempt, all new investment is written off in the first year, and interest
expense for business and individuals is not tax deductible. The consumed income tax simulation
shows strong increases in GDP, investment, employment, and federal tax receipts compared to
the baseline forecast. If the consumed income tax system had been in place starting in 1991,

13 hatp://www.zurich.convsitecollectiondocuments/insight/climateriskchallenge. pdf
14 hup:/faccl.org/wp-content/uploads/2012/07/ACCF-Testimony-7-27-2012-FINALLpdf
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GDP would have been 5.2 percent higher, consumption and investment would have been greater,
and employment higher by over 140,000 jobs per year by 2001 (see Table 1). In addition, federal
tax receipts would have been $428.5 billion larger in 2001 compared to the baseline forecast. !5

Conclusions

Climate models are still in the development stage and the various models yield significantly
different predictions about future temperature and precipitation. Accordingly, for companies
which rely on cost/benefit analysis to guide their investment decisions, a policy of “no regrets”
will continue to shape their approach to adaptation to climate change. In addition, adapting to
variations in the climate will be much easier for countries and businesses which have the
resources to invest in new technology, new products and innovations across all sectors. Strong
U.S. economic growth can be promoted through sound fiscal policies and a tax code that
promotes economic growth with robust capital cost recovery rules. Further, serious consideration
should be given to replacing the current income tax system with a consumed income tax which is
favorable to saving and investment. Reducing regulatory and permitting barriers will also help
restore much needed investment across all sectors.

13 pbid.
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S SO R BSOSy
Table1 Economic impact on the United States of Switching to a
Consumption Tax in 1991
Expensing business investment, removal of the business and
personal interest deduction, and tax exemption of savings
Average Average Average
19911988 1996--2000 20012004
Real GDP—level (biilions of 968}
Base 7.085.8 8.499.6 10,1131
Simulation of consumption tax 7.203.2 8,880.0 10,637.7
{Difference in level) 117.8 3805 5246
{Percent change in jevel) 1.7% 4.6% 5.2%
Busi pital spending, total (billions of 96$)
Base 884.2 1.082.0 1.509.6
Simulation of consumption tax 8248 1,495.6 2,168.8
(Difference in level) 140.7 4035 569.2
(Percent change in level} 20.6% 37.0% 35.6%
Consumption (billions of 96§}
Base 47617 57172 87463
Simulation of consumption tax 47733 58434 T.021.5
(Difference in level) 1.8 126.1 275.3
(Percent change in level) 0.2 2.2 4.1
S&P 500 Price Index
Base 4491 10819 1803.2
Simulation of consumption tax 567.4 1370.5 21234
Difference 1084 2886 3202
(Percent difference in level) 24.1% 286.7% 17.8%
Employment {millions of persons}
Total payrolls, base 111.8 125.8 138.5
Total payrolls, simulation of consumption tax 1.8 128.3 140.8
{Difference in level) 0.0 36 24
Productivity ( i p hange)
Nonfarm business, base 1.5 27 23
Nonfarm business, simulation of consumption tax 2.6 238 28
Difference 11 0.1 0.5
Total federal tax receipts
Base §,2105 88532 91783
Simulation of consumption fax 57455 8.821.0 8.607.7
{Difference in level) -465.0 <322 428.5

Source: See Margo Thorning, “U.S. Capital Formation: How the U.S. Tax Code Discourages
Investment”, http://www.ipi.org/ipi_issues/detail/us-capital-formation-how-the-us-tax-code-
discourages-investment using data from Allen Sinai, “Macroeconometric Model Simulation With
the Sinai-Boston Model of the U.S. Economy,” unpublished study, 2001,
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Senator BOXER. Thank you.

I am going to take some time to ask Dr. Thorning a set of ques-
tions. Then I am going to turn to Senator Inhofe. He can ask who-
ever he wants, and then I will get back to the rest.

Dr. Thorning, I found your testimony really interesting since you
are a minority witness, and I just—I guess I need to know what
is your role in the American Council for Capital Formation? What
is your responsibility in that organization?

Ms. THORNING. Helping to guide the research that we undertake,
helping to explain to media, to the public, to policymakers what the
economic consequences of various policy shifts might be.

Senator BOXER. And yet you said that—it seemed to me that you
were sort of saying that companies are getting ready for the im-
pacts of climate change already. Is that correct?

Ms. THORNING. My understanding is companies are taking it into
account. They are beginning to do no regrets strategies.

Senator BOXER. What does that mean, no regrets?

Ms. THORNING. That means, for example, if you are a seed pro-
ducer you would be trying to develop seeds that could withstand
drought or could withstand increased rainfall or increased

Senator BOXER. So that you will not regret the lost opportunity
to do this.

Ms. THORNING. And presumably whether the climate shifts
sharply or not, you still would be better off.

Senator BOXER. Great point. Great point.

Ms. THORNING. It is my understanding that they are undertaking
policies that will enable them to sustain their business and also po-
tentially be ready for what may come in terms of climate.

Senator BOXER. Well, I am going to quote you from now on be-
cause I think we need to do a no regrets strategy here. This is a
break through moment because what you basically said is that—
see if I am interpreting it right—you are not positive when this
happening, although I did read your testimony, it looks like you
have embraced the fact that changes are coming and may not come
for a few decades, but they are coming. But instead of wasting this
time, you are going to take steps in case the worst happens. That
is how I am looking at it.

Ms. THORNING. I think most prudent businesses would be looking
ahead. They try to anticipate the best they can what the future
may hold. But the main point of my testimony is that most busi-
nesses do not really make hard investment decisions beyond a 3-
to 15-year time horizon, and the long, long term projections for cli-
mate change are simply beyond what they normally can incor-
porate in their business plan. But they will, where they can, adopt
no regrets strategies.

Senator BOXER. OK. Now, does the American Council for Capital
Formation have an opinion on climate change?

Ms. THORNING. We stick pretty much to the economics. I defer
to your expert panel on climate change.

Senator BOXER. OK, because I know some of your sponsors are
the Koch brothers, the ExxonMobil, other oil companies, the Amer-
ican Petroleum Institute. But they are part of a long list of busi-
nesses, is that correct?
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Ms. THORNING. That is correct. We are supported by a wide
range of industries in the financial sector, insurance sector, as you
can see on our Web site.

Senator BoXER. Well, I want to thank you for your testimony be-
cause to me, I think these businesses are being very prudent. They
are embracing a no regrets strategy. They see that this could hap-
pen, it could accelerate, it may not, they say, but it could and they
are doing things right now to prepare.

And that is all I think we ought to do here as a nation, prepare.
Because, as you pointed out in your testimony, I thought quite elo-
quently, Dr. Thorning, that the things that you are doing are good,
good for the businesses. If they do, for example, create a seed that
helps you get through a drought period, we all know there are
going to be drought periods even if there is no intensification of
that drought period. They are going to be prepared.

So, I am going to take your lesson, this leadership in the private
sector, to address this problem and bring it here to this Committee
and see whether we cannot find some more support for moving for-
ward to have a no regrets type of strategy. I really appreciate your
bringing that terminology into this debate.

Thank you.

Senator INHOFE. Well, thank you. First of all, I will have to, I
hate to do this but I will have to leave as soon as I ask my ques-
tions because I told the Chairman I have a serious problem outside.

Let me ask you to put four things in the record that I think are
important as a result from the testimony from the first panel. One
is the—from the NASA report that says that in 2011 saw 9,000
Manhattans of ice recovery, and we are talking here about the Arc-
tic. The second one would be a peer reviewed paper, the American
Geophysical Union found a doubling of snow accumulation in the
western Antarctic peninsula since 1950.

The third would be a reviewed article in the climate, the Journal
of Climate, that examines the trend of sea ice extending the east
Antarctic coast from 2000 to 2008 and finds a significant increase
of 1.3 percent per year. And last, Greenland, since it was men-
tioned, even the IPCC recognized that the ice sheet is growing at
2 inches a year.

So these four things I would like to have made a part of the
record.

Senator BOXER. We will in fact do that.

[The referenced information was not received at time of print.]

Senator INHOFE. I would only say the last conversation, and the
questions that were asked of you, Dr. Thorning, that there is a big
difference between could happen and will happen. I think a lot of
companies—and I came from the private sector, we do things, we
try to anticipate. If something could happen, we want to be ready
for it. Not that it will happen. There is a big difference.

Now, over the years you have testified that the costs of cap and
trade, and I would suggest after perhaps one of the members to my
left might want to introduce another cap and trade bill because I
can assure you that it would not pass. In fact, less than one-third
of the U.S. Senate would be voting for it.

You have talked about the costs of cap and trade. I have talked
about the costs of cap and trade. Now, a lot of us are anticipating
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and suggesting a carbon tax. Tell me, economically, how that would
affect our country, a carbon tax?

Ms. THORNING. Well, putting a tax on a commodity like energy
will certainly raise prices and probably negatively impact U.S. com-
petitiveness. If we are going to do any kind of tax policy, as I said
in my testimony, I think we should be looking at switching to a
consumed income tax where all investment is deductible, and all
saving is tax exempt, and what is the tax base is consumption.
That would be consumption of everything, energy, food, high priced
cars, et cetera.

So, I would suggest the best approach to helping the U.S. econ-
omy grow, which will help it adapt to whatever comes down the
path, is to switch to a broad based consumption tax.

Senator INHOFE. All right. I can remember before this Committee
when Director Lisa Jackson was making her testimony, and I
asked the question, if we were to pass, at that time I believe we
were talking about the Waxman-Markey bill—but it did not make
any difference because cap and trade is cap and trade—would this
reduce, if we passed it, worldwide CO, emission, and she said, of
course, no, it would not. And I appreciated her honesty.

I also remember, I think it was either 2005 or 2006, is when a
change took place. We used to be a larger emitter of CO, than
China. That all changed in, I think it was in 2006. Today, and we
have a chart that shows this, China has gone up so that it now has
doubled the CO, emissions than that of the United States.

So, I would like to ask you the question, economically, if this
trend continues, what is going to happen, what is going to be—how
does it affect us, our manufacturing base and our economy in this
country?

Ms. THORNING. Let me be sure I understand the question. What
happens if China’s emissions continue to grow? Or what happens
if we try to cap our own emissions?

Senator INHOFE. Well, you would be capping our own emissions
if we do because we are talking about doing that, either a carbon
tax or something else.

Ms. THORNING. Oh, I see. Well, because of the global trend, the
rest of the world emissions growing so much faster, ours actually
declined from 2006, I think capping emissions here will have vir-
tually no impact on global concentrations.

In fact, EPA released a figure back when they were debating the
Waxman-Markey bill that showed that even if the U.S. met the tar-
gets in the Waxman-Markey bill by 2050, it would make almost no
difference of GHGs.

So, I think measures like cap and trade in the U.S. would be
counter-productive, it would slow our growth, we would not be able
to make the changes that might be needed to adapt because our
growth would be so much slower. So it would be counter-produc-
tive.

Senator INHOFE. And I appreciate that. That is essentially what
the director of the EPA said in response to the question.

The last question I have is, you mentioned that as a result of the
uncertainty caused by the EPA’s greenhouse gas regulations, busi-
ness investment is expected to decline by 5 to 15 percent, and di-
rectly impact industries, which could result in 476,000 jobs to 1.4



260

million fewer jobs in 2014. Is it fair to say that eliminating EPA’s
authority to regulate greenhouse gases would save these jobs?

Ms. THORNING. I think scaling those back would definitely reduce
some of the uncertainty faced by the business community. The
business community faces uncertainty from the healthcare bill,
Dodd-Frank, debt ceiling, tax reform, as well as environmental reg-
ulations. So, anything we can do to reduce uncertainty would tend
to encourage investment. And investment, non-residential invest-
Ir%ent, is still down about 6 percent compared to the fourth quarter
of 2007.

Senator INHOFE. Yes. And if you—I am sure that you have, but
you might share with us your thoughts on this. When we had cap
and trade legislation, they were talking about how much green-
house gas should, could, under those be reduced. However, if you
look at doing this through an endangerment finding and doing it
through regulations, that amount would actually have to go down
far below what was found in any of the cap and trade bills to be
consistent with the Clean Air Act. And that would have been down
to, I think, 25,000 as opposed to something, what, 250,000.

How much greater effect would that have on our economy that
just cap and trade?

Ms. THORNING. Well, it would be significantly greater because al-
most all facilities of any size at all would have been impacted, and
it would hinder investment and hinder even continued operation
for many, many companies.

Senator INHOFE. Thank you very much.

Senator BOXER. Thank you, Senator.

So, here is the situation. I need to go to a leadership meeting.
I am going to put something in the record, I am going to thank ev-
eryone, I am going to hand the gavel to Senator Cardin, and he can
call, after he is done, on Senator Sessions and then if Senator
Cardin can close this down.

I just want to put into the record late breaking news from CNN,
more than half of U.S. counties now disaster zones due to drought.
So, this no regrets strategy that Dr. Thorning has put forward
should be embraced by everybody—business, the Federal Govern-
ment, and I know, particularly, in States like Maryland that are
already seeing an impact.

[The referenced information was not received at time of print.]

Senator BOXER. So, I am going to turn the gavel over. I want to
thank everyone from the bottom of my heart.

Se}Illator CARDIN [presiding]. Senator Boxer, thank you very
much.

I just really want to respond very briefly to Senator Inhofe. The
efforts that we have engaged in Congress with Senator Lieberman
and Senator John Warner, Senator Kerry and Senator Boxer, in
order to take responsible steps to deal with climate change, was
not aimed at what was happening in the United States alone, but
was aimed at joining the international community so that the chart
that we just saw in regards to China, you could also put one in re-
gards to India, that it would be fair competition globally with inter-
nationally efforts.

So I just really wanted to set the record straight as to the efforts.
It was aimed, yes, at the United States, energizing our economy,
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energizing our business leaders to come up with solutions to cli-
mate change, but also doing it in context of the international com-
munity.

Secretary Griffin, I want to get to the issues of adaptation, and
I really do applaud Governor O’Malley and the O’Malley adminis-
tration for taking a real leadership position on realities of adapta-
tion, on dealing with the new norm, and that is extreme weather.
We cannot tolerate the type of disruptions we had just a few weeks
ago with the storms and people being out of power for over a week
in 100 degree weather.

I know that Governor O’Malley has taken certain steps. The con-
sumers have a right to better information than they had during
this storm. It is not right to call a number and get a recording say-
ing that your power is going to be back that evening and find out
3 days later that you still do not have power. People needed to
have good information.

So, is the Governor, in part of his work, working with our utili-
ties to establish a better service response to these types of, now I
think more frequent, storms?

Mr. GRIFFIN. Yes, Senator Cardin. This actually started a few
years ago due to other weather related power outages around our
State. And he has been working with the Public Service Commis-
sion. Just, I think last week, he issued another Executive Order
forming a team of government, science, and utility experts to start
to look at how we build more reliability into our distribution sys-
tems for electric power.

So we are doing all that we can. It is not easy. Certain issues
we are looking at, such as the pros and cons of burying utility
lines, are fairly daunting and costly, but nonetheless the Governor
seems very committed to gradually improving in a variety of ways
the reliability of our distribution system.

Senator CARDIN. And I would urge him also to get, to require our
oversight for better information so people know what the likelihood
is of restoring power.

I want to get to some of the challenges we have at sea level, our
State being a coastal State, and some of the action that we have
already taken. I have visited Smith Island. I know what is hap-
pening at Smith Island and the loss of land and people trying to
save their homes and their businesses.

I was at the Naval Academy when we had the storm and the
flooding, and I saw the damage that was done. And I see the pro-
jections if we go up sea level what is going to happen to that type
of facility. And it is not easy to retro do the type of work that is
necessary.

I know that you have made certain commitments as it relates to
the Tubman Park Visitor Center, to put it above the flood plain
which I think is the right type of policies we need to have for adap-
tation. So we plan today, recognizing that sea level is changing,
and that we take steps to protect the shorelines from that type of
damage. We have done work in Ocean City in order to protect
against the increased flooding.

What do you see as coming out of the task force that you are
working with to deal with the unique problems we have being a
coastal State?
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Mr. GRIFFIN. Those are all very legitimate points, Senator
Cardin. I think I would view it in the largest sense as we are on
a continuum of learning and taking, I think, prudent actions. An
ounce of prevention now, certainly in my view, history, in our view,
history teaches us is far superior than allowing these problems to
build and build when the cost of remediation is far greater.

I think we are doing, not only in Maryland but through RGGI,
the Regional Greenhouse Gas Initiative, with other States and also
an effort regionally with States from New York down through Vir-
ginia called MARCA. The Governors of those States signed a series
of MOUs back in 2009 to start looking at ocean policy, and one of
the key issues there was climate change and our ability regionally
to adapt to it.

So, a number of things are unfolding. A number of our coastal
counties we have been working with with Federal support, thank-
fully, are starting to do the sort of work we are going statewide.
We are assisting them with the tools. As you alluded to, better
building codes, identifying the most vulnerable areas to try to re-
duce from the land use standpoint, further major development and
investments there.

So, those sorts of things are going on across the State actually,
particularly in our coastal areas which is where most of our people
live, reside.

Senator CARDIN. Thank you very much. I appreciate that.

Senator Sessions.

Senator SESSIONS. Thank you.

As we wrestle with these issues I think we have to be realistic
or, I think, fair. With regard to drought and floods, this morning
we have had advocates say that floods are caused by global warm-
ing gases and droughts are caused by global warming. Whatever
happens, the advocates say it is caused by global warming.

Well, maybe both can be. But the data I have seen so far does
not indicate that. The chart I showed earlier indicates we are not
having more extreme highs or lows in the last 60 years than we
have had previous to that.

Also looking at a chart on U.S. drought, since 1900 the patterns
have not really changed. Last year was a pretty high drought year,
but the year before that was a very low drought year, or 2 years
lli)lefc'(l)re that, and it is pretty much the same pattern that we have

ad.

Dr. Thorning, let me run a few things by you as an economist.
It seems to me that, in an economic sense, passing a law that re-
quires the business to community and private homeowners to
spend large amounts of money to “go green” is no different than
the Federal Government taxing the economy and the Federal Gov-
ernment paying to fix up people’s homes to make them more
“green.” Would you agree?

Ms. THORNING. Yes.

Senator SESSIONS. It may be slightly more efficient to let the in-
dividuals figure out how to do it themselves, but in an economic
sense, we are burdening the economy when we ask people to do
things that are not in their economic interest, correct?

Ms. THORNING. Yes, I agree. I would like to add to that. In pre-
vious testimony, I noted that States that have renewable portfolio
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standards, which I believe 30 States do have, tend to have house-
hold and industrial electricity prices that are about 30 percent
higher than States without renewable portfolio standards.

So, that is something to think about because that is a mandate
that probably is not going to do much to slow global warming, but
yet it imposes a very real cost, especially on low- and middle-in-
come people.

Senator SESSIONS. I remember a number of years ago we were
losing our chemical industry in Alabama, and I know Ohio and
other States were losing that industry, too, because of high natural
gas prices. Natural gas prices have dropped dramatically, and I be-
lieve it is providing an incentive to the economy in creating jobs as
a result of lower cost energy making us more competitive. Would
you agree?

Ms. THORNING. Yes. And in fact, if you look at the recent new
plants being installed by our chemical industry, by the steel indus-
try, and other industries that are dependent on either low feed-
stock prices or low electricity prices, you can see the positive im-
pact that our increased production of natural gas in the U.S. has
had on the overall economy.

Senator SESSIONS. Now, we want to have higher wages, as high
wages as we can possibly afford for our workers. But if we burden
our workers with unnaturally high energy prices, it not only hurts
the business, but it hurts the employees who are part and parcel
of that commercial enterprise, correct?

Ms. THORNING. Well, if you are spending more on electricity and
energy you have less money to spend on other things, which means
the economy, there is a contraction there. And productivity is not
enhanced by raising energy prices.

Senator SESSIONS. Now, Alabama has had some success in at-
tracting investment: foreign investment, automobiles, steel, chem-
ical, as examples. And when an industry looks at a State, is it not
a fact that they consider energy prices very much in deciding
where they might place a plant?

Ms. THORNING. It certainly is an important factor.

Senator SESSIONS. So, the extent to which we raise artificially
energy costs, higher than they would be based on the normal mar-
ket forces, we diminish the growth potential in our economy, do we
not?

Ms. THORNING. Yes. And in fact, studies that the ACCF has
sponsored over the years on Waxman-Markey and the Kerry-Lie-
berman bills demonstrate a significant impact on job growth and
competitiveness compared to the baseline forecast.

Senator SESSIONS. I just have to say that I am excited about low
cost natural gas. I think that has provided us an infusion of money
to our manufacturing sector and is going to create jobs. And if we
can keep prices down, we will be better off. And to mandate costs
that are not justifiable can create financial impacts on the people
that are subject to the mandates. And that does hurt us economi-
cally. There is just no doubt about that in my mind.

So, we try to strike the right pattern, Mr. Chairman, in which
some of the regulations can actually make us be leaner, more effi-
cient, more productive, while some of them add costs and make us
less efficient, less productive, and cost jobs.
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Thank you.

Senator CARDIN. Thank you, Senator Sessions. And thank the
second panel for your patience and your testimony.

As was pointed out at the beginning of this hearing, this was
going to be a lively discussion, and it was a lively discussion. And
I agree with Senator Inhofe. I would hope that we would have more
of these opportunities to debate these issues.

So, I really want to thank you for adding to today’s record as we
look at not just the science, but what steps are necessary for adap-
tation as we go through different weather patterns and climate pat-
terns here in America.

We can argue the cause, we can argue a lot of issues. But the
facts are the facts, and we need to take the appropriate steps in
order to protect the public safety and the economy of America.

I want to acknowledge Mitch Hescox with the Evangelical Envi-
ronmental Network and the Young Evangelicals for Climate Action
who are also here with us today. We welcome you here.

And with that, the hearing will be adjourned.

[Whereupon, at 12:45 p.m., the Committee was adjourned.]
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